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SUMMARY

This report summarizes the work performed under contract number DOT-TSC-130. Two anten-
nas were developed under this contract—an L-band orthogonal-mode crossed-slot antenna and a VHF
crossed-loop antenna. The L-band antenna can be flush mounted on the top centerline of a commer-
cial jet transport and provide adequate coverage over the upper hemisphere to communicate with a
satellite. The L-band antenna developed has a peak gain of 4.5 dB with respect to a circular isotrope.
The design goal was for an antenna gain greater or equal to - 2 dB below a circular isotrope at 10°
above the horizon. The antenna chosen to fulfill this requirement is a crossed-slot iris backed by a
cavity. The radiation beamwidth of such an iris has wide beamwidths in the two axes of interest. The
radiation patterns given in this report indicate that, for a very high percentage of the intended cover-
age sector, the gain requirement is satisfied.

In addition, a low-gain antenna was developed under this contract to provide VHF satellite cov-
erage over the upper hemisphere. The results obtained at L-band frequencies could then be compared
with the VHF results to evaluate the merits of one frequency band over the other. The VHF antenna
was intended to cover the upper hemisphere when installed at a suitable top centerline location on
a commercial jet transport. The design goal was for an antenna gain of greater than or equal to -1 dB
below a circular isotrope from 10° above the horizon to the zenith. To achieve such a requirement in
a practical aircraft design, a crossed-loop radiator configuration was chosen. The antenna is furnished
with an aerodynamically shaped fiberglass radome to which the crossed-loop antenna is fastened. A
basic loop element provides a wide beamwidth in one plane, thus, arraying two loops perpendicular
to one another provides wide beamwidths in two axes. The antenna is mounted external to the air-
craft and has been qualification tested to handle 500 watts in the CW mode at a pressure altitude of
45,000 ft. A cavity-type antenna is impractical for a VHF antenna solution because of the physical
size of the cavity required. Computer reduction of the antenna radiation patterns indicates an antenna
directivity of greater than -1 dB for 80% of the specified coverage area.



ORTHOGONAL-MODE CROSSED-SLOT ANTENNA—CIRCULARLY POLARIZED

Introduction

The L-band orthogonal-mode crossed-slot antenna is intended for satellite communication in
the 1540- to 1660-MHz frequency range and provides radiation pattern coverage of the upper hemi-
sphere when installed on the top centerline of an airplane. The basic antenna consists of two orthog-
onal half-wavelength slots fed in balance and phase quadrature, thus providing a low-gain circularly
polarized radiator.

The antenna, shown in figures 1 and 2, is flush mounted and weighs 2.9 1b. It has two output
ports marked “R’ and “L” for right- and left-hand circular polarization, respectively. The polariza-
tion can be selected remotely with an external coaxial switch. Two production antennas were fur-
nished under this contract: one receiving antenna and one transmitting antenna with a power-
handling capability of 500 watts in the CW mode at 45,000-ft altitude.

Requirements

The basic requirements are that a single flush-mounted antenna installed on the airplane top
centerline shall provide upper hemispherical radiation pattern coverage with relatively small gain
variations in this half space. The antenna shall provide right- or left-hand circular polarization select-
able with a high degree of circularity over the widest possible space angle around zenith. Further-
more, there shall be a sharp cutoff at the horizon with a minimum of gain in the lower hemisphere to
enhance multipath signal rejection. To meet these requirements a cavity-backed iris consisting of
two orthogonal half-wavelength slots is selected as the basic antenna configuration (see fig. 3).

Theory of the Antenna

In the following description the crossed-slot iris is assumed to be located in a horizontal ground
plane. The coordinate system for all pattern descriptions is shown in figure 4.

The principle of operation is illustrated in figure 5. Figures 5a and 5b show the idealized far
field E-plane and H-plane patterns of the individual slots in the crossed-slot iris. Figure Sc shows
the pattern of the crossed-slot iris which is obtained by superposition of the individual slot patterns.
When the individual slot fields (symbolized by the electric field vectors Ea and I:Zb in fig. 5) are
equal in magnitude and in phase quadrature, pure circular polarization (0 dB axial ratio) is obtained



in the direction @ = 0°. As one moves off axis, the circularity becomes poorer due to the increased
axial ratio between the E-plane and the H-plane fields, i.e., the ratio between the I:Zo and E¢ field
components, which are defined in figure 4. As the horizon is approached (8 = 90°) the polarization.
becomes nearly linear as the vertical EO component is dominant. A finite-size ground plane and a
curved fuselage will alter the idealized pattern. Figures 12 and 13 show pitch and roll plane patterns
obtained with the antenna installed in a 4- by 4-ft fuselage section and with circularly polarized illu-
mination. The decrease in the radiation on the horizon is attributed to the finite size and the finite
conductivity of the ground plane. Test results are treated in a later paragraph.;

Mechanical Construction

The basic construction of the antenna is illustrated in figure 6. The 2024-T351 aluminum
housing has a mounting flange conformed to the top fuselage of the Convair 880 airplane. The
orthogonal slots are etched out on a 1/8-in.-thick, 2-0z copper-clad Teflon-loaded fiberglass plate
mounted in the antenna aperture. The slots are fed in balance by capacitively-coupled copper strips
bridging the slots, as shown in figure 7.,

The dual coaxial feed cables of each individual slot are connected through T-connectors to the
two output ports of the 90° ring hybrid circuit located at the bottom of the antenna cavity. The
hybrid circuit is a tri-plate stripline design made of two 1/8-in.-thick, 2-oz copper clad Teflon-loaded
fiberglass plates. The hybrid input ports, i.e., the antenna input ports, are terminated in two TNC
stripline connectors (top launch type) mounted on the bottom of the antenna housing. The two
input connectors are marked “R’’ and “L” for right- and left-hand circular polarization, respectively.
The desired mode of polarization is then obtained from the properly marked output connector
when the other connector is terminated in 50 ohms. The antenna cavity is filled with rigid, closed-
cell foam (Emerson & Cuming, Inc., Eccofoam, type FPH), and a 1/16-in.-thick, 5-in.-diameter
Teflon plate is bonded to the antenna aperture for moisture sealing.

One receiving antenna (serial number DOT-TSC-004) and one transmitting antenna |
(DOT-TSC-005) were furnished under this contract. The two antennas have nearly identical imped-
ance, efficiency, and radiation pattern characteristics. However, the transmitting antenna is fur-

. nished with larger coaxial feed cables and a temperature-isolating layer of foam Teflon between the
radiating aperture and the foam-filled cavity for rf power handling purposes. Thus, the transmitting
antenna is designed to handle 500 watts of CW power at 45,000-ft altitude although this unit was
not tested for power-handling capabilities..



Feed Network—Impedance Matching

Figure 8 shows schematically the antenna feed network and the external control circuit
(coaxial transfer switch) which enables the remote selection of right- or left-hand circular polarization.

The individual slots are fed in balance as shown in figures 7 and 8. The balanced feed enables:
the individual slot impedances to track each other when both slots are fed. This impedance tracking
is necessary to feed the slots in phase quadrature and with equal power division by means of a
simple quadrature hybrid. If the slots are fed unbalanced, e.g., only one feed strip bridging each slot,
there will be a considerable mutual coupling between the slots making impedance tracking of the
individual slots impossible and requiring a very complex feed network.

The equivalent electrical network presented to each of the dual feed cables at the capacitively
coupled feed strips (fig. 7) is shown in figure 9. The antenna inductance and radiation resistance -
(including loss resistance) are represented by L o and R 4, respectively. These values are a function
of the feed strip position, and both values approach zero if the feed strip is moved toward the end of
the slot. C is the fringing capacitance between the strip and the slot edges. Cgq is the stripline capac-
itance. The position, length, and width of the strip are dimensioned to present approximately 25
ohms to the feed cable at the band center frequency: 1600 MHz. The paired feed cables then trans-
form this impedance and match it to 50 ohms within a 2:1 VSWR limit at the hybrid output ports
(O’ and O” in fig. 8). The measured values of mutual coupling between the slots and the antenna
impedance at O’ and O are given in the “Electrical Data” section which follows.

When the impedances at O” and O’ track each other the quadrature hybrid will provide equal
power and a relative phase shift of 90 between the slots. Under these conditions the antenna will
transmit (or receive) a purely circularly polarized field on the axis of the antenna aperture. When
port R is connected to the transmitter and L is terminated in 50 ohms the field is right-hand circu-
larly polarized. In the opposite configuration left-hand circular polarization will be transmitted.

The values of power division and relative phase shift between ports O" and O”" of the hybrid are
given in the next section. The maximum amplitude difference between O” and O” over the 1540- to
1660-MHz frequency range of the antenna is 0.25 dB. This amplitude unbalance will yield an axial
ratio of 0.25 dB in the transmitted field when driven into the nearly identical antenna impedances.
The maximum phase deviation from the ideal 90°at ports O" and O’ is 0.5° This phase error in itself
will yield an axial ratio of 0.3 dB. However, even when the effects of thése maximum errors are

summed as a worst case the axial ratio of the on-axis radiated field is well within the specified 2-dB
limit.



Electrical Data

The electrical performance data presented in this section are obtained from measurements on
the production transmitting antenna, serial number DOT-TSC-005. These data are nearly identical to
those measured on the receiving antenna, serial number DOT-TSC-004, and are therefore representa- '
tive for both of the delivered production antennas.

All measurements were performed with the antenna installed in a curved 4- by 4-ft ground
plane simulating a top fuselage section of the Convair 880 airplane, as shown in figure 10.

Impedance—Figure 11 is a Smith chart plot of the individual slot impedances referred to the
hybrid output ports, O’ and O” in figure 8. The measured impedances are within the specified 2:1
VSWR limit (50 ohm reference) over the 1540- to 1660-MHz frequency range.

The impedances of the slots are tracking each other very closely, which indicates a low level of
mutual coupling. This is necessary in order to feed the slots with equal power division and phase
quadrature from the built-in ring hybrid.

The impedance data were measured simultaneously, with both slots fed from the hybrid
through equal length slotted lines and interconnecting cables. The data are obtained for the antenna
operating in the right-hand circularly polarized mode. When the antenna operates in the left-hand
circularly polarized mode identical data are obtained, although each plot now is referred to the
opposite port.

Isolation—The isolation between the individual slots was measured at the ports O" and O”, i.e.,

with the hybrid disconnected a reference power level was applied to one slot at O and the power
coupled to the other slot was monitored at O”. The values are given in table 1.

TABLE 1.—ISOLATION BETWEEN SLOTS

Frequency, Isolation between
MHz slots, dB
1540 19
1600 20
1660 21

Hybrid Characteristics—The insertion loss, phase shift, and isolation between the ports of the
hybrid are given in tables 2, 3, and 4, respectively. During the measurements unused ports were ter-

minated in 50 ohms.



TABLE 2.—POWER DIVISION CHARACTERISTICS

Frequency, Insertion loss between ports, dB
MHz R-0' | R—O0” | L-O’ | L-O"
1540 3.05 3.30 | 3.26 3.00
1600 3.05 3.05 | 3.05 3.05
1660 3.05 3.0 | 3.10 3.10

TABLE 3.—PHASE SHIFT CHARACTERISTICS

Frequency Phase shift between ports, deg
MHz 00" L—R
1540 89.9 90.3
1600 90.5 89.6
1660 90.5 89.6

TABLE 4.—ISOLATION CHARACTERISTICS

Frequency, Isolation between adjacent ports, dB
MHz L—-R o'-0"
1540 16.5 16.5
1600 18.0 18.0
1660 19.0 19.0

Antenna Input VSWR—The VSWR at the antenna input ports, L and R, was measured on each
port with the other port terminated in 50 ohms. The test results given in table 5 show that the
VSWR is within the specified 2:1 limit over the 1540- to 1660-MHz frequency range.

TABLE 5.—ANTENNA INPUT VSWR

Frequency, Antenna input VSWR
MHz Port R Port L
1540 1.562 1.44
1600 1.05 1.23
1660 1.08 1.04

Radiation Patterns

Radiation pattern measurements were performed on the production antenna to determine pat-
tern characteristics, directivity, and gain. With the antenna installed in the ground plane shown in
figure 10,and assuming the antenna oriented as if it were installed on the airplane top fuselage cen-
terline, the radiation patterns were measured in the following “cuts”:

e Pitch (vertical plane through the longitudinal axis of the airplane)

e Roll (vertical plane normal to the longitudinal axis of the airplane)



In addition to the pattern measurements, the maximum directivity of the antenna in the zenith
direction (9 =0°) was measured to be 5.1 dB. By comparative measurements between the antenna
and a reference standard gain horn antenna, the maximum antenna gain was determined to be 4.5
dB. From the directivity and the gain values the antenna efficiency is determined to be 87%, which

is above the required 80% minimum limit.

Figures 12 through 15 show polar diagram radiation patterns for both the right- and left-hand
circularly polarized modes. As no significant pattern variations occur over the frequency band, only
the patterns measured at 1540 MHz are submitted. The patterns are plotted in voltage with the
maximum radiation level referred to the edge of the polar diagram (the “100” level).

To ease the pattern evaluation, the isotropic radiation level is shown as a circle on the polar dia-
gram. The gain variations in the intended 160° usage sector around zenith (0°< 6 <80°% can be
determined from the polar diagram patterns. Thus, the patterns show that the gain is varying
between 2.4 and 4.5 dB above isotropic level in a 90° cone around zenith (0° < 0 <45°). A gain
coverage equal to or higher than isotropic level (0 dB) will be obtained in a 140° cone around zenith
(0°< 6 < 70°). At § = 80° which is the limit of the usage sector, the average gain is 2 dB Below iso- -
tropic level. It should be noted that these measured gain values are nearly identical to the original
design goals. On and below the horizon (6 =. 90°) the radiation level decreases rapidly, which is
highly desirable to reduce multipath signals from the sea. This decrease in signal level at angles near
the horizon is more pronounced in the pitch plane due to the larger ground plane (fuselage) in this
dimension, whereas in the roll plane “spillover” effects on the curved fuselage cause a relatively
higher radiation level on and below the horizon.

Scale Model Pattern Study
The full-scale radiation pattern measurements discussed in the previous section were performed
on a small fuselage section and served primarily as a qualification testing of the antenna. These pat-
terns can only give a coarse performance evaluation of the antenna installation on an airplane.
To obtain detailed pattern characteristics, including the effects of the airframe, the most practi-
cal method is scale-model pattern measurements. Such patterns were obtained for two installation
locations on the Convair 880 airplane:

e STA 820, top centerline

® STA 820, 35°to the right of top centerline



Due to the similarity between the Convair 880 and the Boeing 707 airframes, a 1/20th-scale
model 707 airplane was used for the measurements. A 1/20th-scale model antenna was fabricated
and installed at the equivalent locations on the 707 model airplane. All patterns are marked Convair
880, although the measurements were performed on a 707 airplane. As the production antenna
operates at 1540 to 1660 MHz, the frequency used for the scale-model pattern measurements was
32 GHz.

Before its installation in the model airplane, the model antenna was installed on a 2.4- by
2.4-in. curved ground plane (a 1/20th-scale version of the ground plane shown in fig. 10) and radia-
tion patterns in the pitch and the roll cuts for right-hand circular polarization were measured at the
scale frequency (32 GHz). This was done to verify that the model antenna possesses the pattern
characteristics of the production antenna. Figures 16 and 17 show these pattems, and it can be seen
that they compare favorably to the full-scale patterns in figures 12 and 13. The lack of radiation
below the horizon in the model patterns is caused by absorbent material behind and around the
ground plane, which was applied to prevent reflections from the relatively large waveguide feed net-
work. The results obtained with the antenna installed on the scale model airplane are discussed in
the following paragraphs.

Polar Diagram Patterns—With the model antenna operating in the right-hand circularly polar-
ized mode, patterns were obtained for both right- and left-hand circularly polarized illumination,
i.e., main polarization and cross polarization, respectively.

Figures 18 through 23 show the patterns measured on the antenna installed at the top center-
line location. The patterns in figures 24 through 29 are those of the side-mounted antenna. The pat-
terns are plotted in voltage, with the maximum radiation level referred to the edge of the polar
diagram (the “100” level). The patterns were measured in the principal planes:

e Pitch (vertical plane through the longitudinal axis)
e Roll (vertical plane normal to the longitudinal axis)

® Yaw (horizontal plane through the longitudinal axis)

The constant angle, the variable angle, and polarization of the rf field are indicated on each polar
diagram. A

Integration—The total energy radiated over the sphere (right- as well as left-hand polarized
energy) was integrated to establish the directivity of the antenna when installed at the above-
mentioned two locations on the scale-model airplane. The maximum directivity of the antenna is:



® 5.6 dBinstalled at STA 820 on top centerline
® 7.0 dBinstalled at STA 820 35°to the right of top centerline

The higher maximum directivity of the antenna mounted off the centerline is caused by wing struc-
ture interference, i.e., the patterns have larger and narrower lobes than those of the antenna
mounted on the top centerline. The isotropic level is shown as a circle on the polar diagram patterns.

Radiation Distribution Plot—Radiation distribution plots were obtained with the model
antenna installed and operating as described in the previous paragraph. These data for right- and
left-hand circularly polarized illumination show the radiation levels over the full sphere in 2°incre-
ments, thus giving a detailed resolution of the radiation distribution. Figures 30 and 31 are the plots
for the top-mounted antenna, and figures 32 and 33 are those for the side-mounted antenna. The
maximum directivity, which is represented by the lowest number in the radiation distribution plot,
is indicated on each of the plots. The interpretation of the radiation distribution plot is discussed in
detail in the “VHF Crossed-Loop Antenna” section. Using the plot to determine the directivity in a
given direction the gain at these coordinates can be determined by subtracting 0.6 dB from the
directivity value found, since it was established that the production antenna has an efficiency of 86%.

Conclusions

The circularly polarized orthogonal-mode crossed-slot antenna is intended to serve as an upper
hemisphere coverage antenna. From the radiation patterns and the distribution plots for the top cen- -
terline location it certainly accomplishes this by providing an antenna directivity equal to or better
than isotropic for a very high percentage of the intended sector coverage, i.e., § = 0°to 8 = 80° In
addition, the coverage below the horizon decreases rapidly below the 100°conic. This condition is
highly desirable to prevent sea-reflected signals from entering into the receiver.

The radiation patterns at 35°to the right of top centerline show the influence of reflections.
The roll pattern indicates lobing due to reflections from airplane surfaces, namely the right wing.
This antenna is intended to have low gain and wide beamwidth. The wide beamwidth accounts for
illumination of airplahe surfaces, which in turn cause reflections as evidenced by lobing in the pat-
terns. This antenna cannot be recommended for installation other than on the top centerline. The
patterns on top centerline compare very favorably with those obtained for the production antenna
when installed in the 4- by 4-ft ground plane shown in figure 10. The most noticeable difference is
the effect of the vertical fin in the lower conic near 80° No significant pattern improvement aft is
anticipated by moving the top centerline antenna location either fore or aft.
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Figure 1.—Orthogonal-Mode Crossed-Slot Antenna—Bottom
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Figure 2.—Orthogonal-Mode Crossed-Slot Antenna—Top
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Figure 3.— Cavity-Backed Orthogonal Slots
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Model scale: 1/20
Pattern measurement frequency: 32 GHz

Remarks:

The antenna is installed on the
top centerline on a Convair
880 at STA 820.

All figures in the plot are negative
and represent relative values
in dB.

The maximum level 1" is a peak
gain of 5.0 dB above isotropic
level.

—Orthogonal-Mode Crossed-Slot Antenna Radiation Distribution Plot,
Circular Principal Polarization
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Figure 31.—Orthogonal-Mode Crossed-Slot Antenna Radiation Distribution Plot,
Circular Cross Polarization
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Model scale: 1/20
Pattern measurement frequency: 32 GHz

Remarks:

The antenna is instalied 35° to the
right of the top centerline on a
Convair 880 airplane at STA 820.

All figures in the plot are negative
and represent relative values in dB.

The maximum level *'1" is a peak gain
of 6.4 dB above isotropic level.

Figure 32.—Orthogonal-Mode Crossed-Slot Antenna Radiation- Distribution Plot,
Circular Principal Polarization
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ORTHOGONAL-MODE CROSSED-SLOT ANTENNA—-LINEARLY POLARIZED

Introduction

The linearly polarized orthogonal-mode crossed-slot antenna is intended as an experimental aid
for airborne satellite communications studies in the 1540- to 1660-MHz frequency range. When
mounted on the side of the forward fuselage, this antenna will provide nearly equal gain for vertical
and horizontal polarization as well as equal gain for direct and sea-reflected satellite signals arriving
from low elevations (near the horizon). The antenna is a cavity-backed, crossed-slot design where
each half-wavelength slot is an independent, linearly polarized radiator.

The exterior of the antenna is identical to that of the circularly polarized antenna except for
the connector mounting and marking shown in figures 1 and 2 in the previous section. The
antenna has two output connectors marked “H” and “V”* which will provide horizontal and vertical
polarization, respectively, when the antenna is oriented properly on the side of the fuselage. Three-
production antennas were furnished under this contract. These units are intended to be operated as
receiving antennas. However, tests on the feed network show that the antenna has a capability of
handling 60 watts of CW power at 45,000-ft altitude and can also be used as a transmitting antenna.

Requirements

The basic requirements are that a single flush-mounted antenna installed on the side of the air-
plane fuselage shall provide essentially equal and constant gain for horizontal and vertical polariza-
tion in a sector 60° wide in azimuth and elevation. Furthermore, it is required that radiation pattern
symmetry exist around the axis normal to the antenna aperture. To meet these requirements a
cavity-backed iris consisting of two orthogonal half-wavelength slots is selected as the basic antenna
configuration (see fig. 3).

Theory of the Antenna

In the following description the crossed-slot iris is assumed to be located in vertical ground
plane and oriented so that one slot is horizontal and the other is vertical. The coordinate system for
all pattern descriptions is shown in figure 4.

The principle of operation is illustrated in figure 34. Figures 34a and 34b show the idealized far
field E-plane and H-plane patterns of the individual slots in the crossed-slot iris. The vertical slot pro-
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vides E¢ polarization, which is horizontal, and the horizontal slot provides Eg polarization, which is
vertical (on the horizon). Figure 34c shows the pattern coverage of the crossed-slot iris, which is
obtained by superposition of the individual slot patterns. The Eg and Eg components, which in any
given direction are orthogonal, are equal in magnitude on the axis normal to aperture (0-dB axial
ratio). For an antenna located on the left side of the fuselage this axis has the direction:

8, ) = (90°, 90°) (see fig. 4).

As one moves off axis, the axial ratio between the Eg and the E¢ field components increases
due to the asymmetry between E-plane and H-plane patterns of the individual slots. However, within
a 90° cone around the above-mentioned axis, the axial ratio between lEel and IE¢I is less than 2 dB.
Each slot has a separate output connector. Thus, it is possible to resolve an unknown signal into its
Eg and Ey field components.

Mechanical Construction

The dual-mode linear version of the orthogonal-mode crossed-slot antenna is of the same basic -
construction as the circularly polarized antenna, i.e., the housing, dimensions, and materials are as
outlined in figure 6.

In this antenna the hybrid is removed from the cavity and each slot is connected to a separate
output connector by a short length of microstrip transmission line. Each slot is fed at one point
rather than the balanced feed version shown in figure 7. The three production antennas furnished,
under this contract are identified by the serial numbers DOT-TSC-001 through -003.

Feed Network—Impedance Matching

Figure 35 shows schematically the antenna feed network and the external control circuit (co-
axial transfer switch) which enables the remote selection of vertical or horizontal polarization.

Each slot is fed at one point, and the equivalent electrical network presented to each of the
feed transmission lines is shown in figure 9. The technique for matching the antenna is outlined in
the previous section on the circularly polarized antenna. The antenna output ports are marked “H”
and “V.” The H-port is connected to the vertical slot and provides horizontal (¢) polarization. The
V-port is connected to the horizontal slot and provides vertical () polarization. The impedance at
each output port is matched to 50 ohms within a 2:1 VSWR limit. Impedance data measured at the
H- and V-ports are given in the next section.



Electrical Data

The electrical performance data presented in this section are obtained from measurements on
the production antenna, serial number DOT-TSC-003. These data are nearly identical to those meas-
ured on the other antennas, serial numbers DOT-TSC-001 and -002, and are therefore representative
for all of the delivered “dual-mode linear” antennas.

All measurements were performed with the antenna installed in a 4- by 4-ft ground plane simu-
lating a side fuselage section of the Convair 880 airplane as shown in figure 36.

Impedance—Figure 37 is a Smith chart plot of the individual slot impedances referred to the
antenna output ports, H and V in figure 35.

The impedance was measured at each output port, with the other port terminated in 50 ohms.
Table 6 shows the VSWR at H and V as a function of frequency. The data show that the antenna
VSWR is within the specified 2:1 limit (50-ohm reference) over the 1540- to 1660-MHz frequency
range.

TABLE 6.— ANTENNA INPUT VSWR

Frequency, Antenna VSWR
MHz Port H Port V
1540 1.45 1.46
1600 1.34 1.48
1660 1.75 1.68

Isblation—The isolation between the individual slots was measured at the output ports H and
V, i.e., a reference power level was applied to one slot at H and the power coupled to the other slot
was monitored at V. The values are given in table 7.

"TABLE 7.—ISOLATION BETWEEN SLOTS

Frequency, Isolation between
MHz slots, dB
1540 15.2
1600 18.5
1660 14.5
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Radiation Patterns

Radiation pattern measurements were performed on the production antenna to determine pat-
tern characteristics, directivity, and gain. With the antenna installed in the ground plane as shown in
figure 36, the radiation patterns for main polarization as well as cross polarization were measured in
the following cuts of each slot:

e E-plane (plane normal to the ground plane and the slot axis)
e H-plane (plane through the slot axis and normal to the ground plane)

In addition to the pattern measurements, the maximum directivity of each slot of the antenna in the
direction normal to the ground plane was measured to be 5.2 dB. By comparative measurements
between the antenna and a reference standard gain horn antenna, the maximum antenna gain (in the
same direction) was determined to be 4.6 dB. From the directivity and gain values the antenna effi-
ciency is determined to be 87%.

Figures 38 through 45 show the polar diagram patterns measured on the H-port (vertical slot
with horizontal main polarization) and the V-port (horizontal slot with vertical main polarization).
As no significant pattern variations occur over the frequency band, only the patterns measured at
1600 MHz are submitted. The patterns are plotted in voltage with the maximum level referred to the
edge of the polar diagram (the “100” level). To ease the pattern evaluation the isotropic radiation
level is shown as a circle on the polar diagram.

These patterns do not show any influence of the airplane structure, since they are full-scale pat-
terns of the antenna installed on a small ground plane. The scalloping in the E-plane cuts of figures
38 and 42 is caused by the finite size of the ground plane (edge effects).

Scale Model Pattern Study
Scale model pattern measurements were performed to obtain detailed pattern characteristics of
the antenna installed on the airplane. Such patterns were measured for the following installation
location on the Convair 880 airplane:
® STA 422, 78°to the left of the top centerline
Due to the similarity between the Convair 880 and the Boeing 707 airframes, a 1/20th-scale

model 707 airplane was used for the measurements. A 1/20th-scale model antenna (half-wavelength
slot) was fabricated and installed at the equivalent location (STA 390) on the 707 model airplane.



Thus, all pétferns are marked Convair 880, although' the measui'ements were performed on a 707 air-
plane. The'frequehcy‘used for the scale-model pattern measurements was 32 GHz.

. Before its installation in the model airplane, the model antenna was installed on a 2.4- by
2.4-in. ground plane (a 1/20th-scale version of the ground plane shown in fig. 36) and E-plane and
H-plane patterns were measured on the half-wavelength slot antenna at the scale frequency (32
GHz). This was done to verify that the model antenna possesses the pattern characteristics of the
production antenna. Figures 46 through 49 show these patterns, which compare favorably to the
full-scale patterns shown in figures 38 through 41. The lack of “spillover” radiation behind the
ground plane is caused by absorbent material behind and around the ground plane, which was
applied to prevent reflections from the waveguide feed network. The results obtained with the
antenna installed on the model aircraft are discussed in the following paragraphs.

Polar Diagram Patterns—The radiation distribution prints, which will be discussed later, include
main-polarized as well' as cross-polarized radiation levels over the full sphere with 2°increments.
Therefore, the polar diagram patterns are only submitted for main polarization in the principal
planes (pitch, roll, and yaw).

Figures 50 through 52 show the patterns of the vertical slot, which has horizontal main polari-
zation. These patterns would be obtained at the H-port of the production antenna. Figures 53
through 55 show the'pat_terns of the horizontal slot, which has vertical main polarization. These pat-
terns would be obtained at the V-port of the production antenna. '

" The patterns are plotted in voltage, with the maximum radiation level referred to the edge of
the polar diagram (the “100” level). The constant angle and the variable angle of the pattern cut as
well as the polarization of the rf field are indicated on each polar diagram.

Integration—The total energy radiated over the sphere (main- and cross-polarized energy) was
integrated to establish the directivity of the antenna as installed on the airplane. The maximum
directivity of the antenna is:

® 8.50 dB for horizontal polarization (H-port)

e 5.68 dB for vertical polarization (V-port)

The higher directivity for horizontally polarized energy is due to the horizontal wing structure,
which causes more pattern distortion (lobing) for this polarization. For vertical polarization the scat-

tering effects of the wing structure are minimal, which is also indicated by the “smooth™ patterns of
figures 53 through 55.
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Radiation Distribution Plot—Radiation distribution plots were obtained with the model
antenna installed and operating as described in the previous paragraph. These data for horizontally
and vertically polarized illumination (main and cross polarization) on each slot show the radiation
levels over the full sphere in 2° increments, thus giving a detailed resolution of the radiation distribu-
tion. Figures 56 and 57 are the plots for the horizontal slot (V-port) and figures 58 and 59 are those
for the vertical slot (H-port). The maximum directivity, which is represented by the lowest number
in the radiation distribution plot, is indicated on each of the plots. The interpretation of the distri-
bution plot is discussed in detail in the “VHF Crossed-Loop Antenna’ section. Using the plot to
determine the directivity in a given direction the gain at these coordinates can be determined by sub-
tracting 0.6 dB from the directivity value found, since it was established that the production
antenna has an efficiency of 86%.

Conclusions

The linearly polarized orthogonal-mode crossed-slot antenna is intended to provide essentially
equal and constant gain for horizontal and vertical polarization in a sector 60° wide in azimuth and
elevation with symmetry around the antenna axis. The radiation patterns and the distribution plots
clearly show that the antenna meets these objectives satisfactorily. Although the vertical slot has more
lobed patterns for horizontal polarization due to interference from the horizontal wing structure, the
gain difference between the vertical and horizontal polarization is within 1 dB on the axis of the
antenna and less than 2.5 dB in any direction within the 60° cone around the antenna axis. No pat-
tern improvement is anticipated by moving the antenna either forward or aft on the fuselage. Moving
the antenna aft will increase the wing structure interference, and moving the antenna further forward
will distort the pattern symmetry.
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Figure 36.—Linearly Polarized Orthogonal-Mode Crossed-Slot Antenna Mounted on
Fuselage Section for Impedance and Pattern Measurements
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Figure 37.— Impedance Plot of Orthogonal-Mode Crossed-Slot Antenna, Linear Polarization
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Remarks:

The slot antenna is installed 78° to the
left of the top centerline on a
Convair 880 airplane at STA 422.

All figures in the plot are negative and
represent relative values in dB.

The maximum level ‘0" is a peak gain
of 7.9 dB above isotropic level.
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VHF CROSSED-LOOP ANTENNA

Introduction

The VHF crossed-loop antenna is intended to provide upper hemisphere VHF satellite coverage
when installed on the top centerline of the fuselage of a Convair 880 airplane. The basic antenna
consists of two half loops housed under an aerodynamically shaped fiberglass radome. A switching
scheme using a quadrature hybrid is included with the antenna design to select either right- or left-
hand circular polarization. The antenna is designed for a maximum power input of 500 watts of
VHF CW power at 45,000-ft altitude. Figure 60 shows the antenna furnished by this contract in-
stalled on a mocked-up section of fuselage.

The weight of the antenna is 11.5 lb. Aerodynamic drag calculations on the radome indicate a
drag weight penalty of 5 1b at 35,000-ft altitude at Mach 0.85 when installed at station (STA) 1130
on a 707-type airplane. The production antenna furnished under this contract is intended to work at
the center frequencies of 134.05 MHz (receive) and 135.7 MHz (transmit). Boeing drawings that
cover the installation of the antenna at STA 590 on a Convair 880 airplane are:

65-82127, “Fairing Instl—VHF Crossed-Loop Antenna”
65-63483, “Pan—Components VHF Crossed-Loop Antenna”

65-63487, “Zee Assy—VHF Crossed-Loop Antenna”

Theory of Crossed-Loop Antenna

To provide upper hemisphere coverage, a low-gain basic radiating element is chosen. A small
half loop with a constant current distribution will be omnidirectional in its E-plane, i.e., the plane of
the electric field E. Arraying two half loops perpendicular to each other and feeding them in phase
quadrature will yield a perfectly circularly polarized radiation pattern directly overhead which
becomes linear at the horizon, since only the vertical electric field can exist at the surface of a con-
ductor, i.e., the skin of the airplane. Figure 61 is a pitch plane pattern of a 1/20th-scale crossed loop
installed on the top centerline of a 707-type airplane. The pattern was taken using a rotating linear
polarization which shows the axial ratio at all points of the pattern.
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The axial ratio is defined as the ratio of the maximum electric field to the minimum electric
field, as measured by a linear antenna that can be rotated in time. In general, as the linear antenna
is rotated, the response will be a varying voltage at the output of the antenna. This is because the
most general type of radiation is elliptical and can be thought of as being generated by both right-
and left-hand circular polarization. The maximum electric field E .. will be at the angle where the
right- and left-hand circular fields add in phase producing Emax = Eright + E|eft- The minimum
electric field E i, is measured at the angle where the right- and left-hand circular fields subtract;
Enin = Eright -Ejert. Emax corresponds to the semimajor axis of the polarization ellipse, and E ;i)
corresponds to the semiminor axis of the polarization ellipse. The axial ratio in dB is defined by

E E_ E
Axial ratio = 20 log; o =22% =20 log g right + “left
Enin Eright - Ejeft

Figure 61 was obtained by rotating a linearly polarized illuminating antenna at a rate such that
the maximum and minimum electric fields were recorded at all points of the pitch-plane pattern.
The low-axial-ratio (nearly perfect circular radiation) areas are directly above the aircraft. Here
Enax and Emin are nearly the same. As one moves toward the nose or the tail, the axial ratio be-
comes larger, as indicated by the large excursions of the recording pen.

Early in the development of this antenna a 1/10th-scale half loop was built and tested to check
the basic radiating element’s current distribution. Figure 62 is an E-plane cut of the 1/10th-scale half
loop installed on a 4-ft-square ground plane. The finite size of the ground plane causes the pattern to
be lifted somewhat from the horizon, but the pattern does show a nearly constant radiation pattern
(within 2 dB) over approximately 150° of beamwidth.

Impedance Matching and Physical Construction
Figure 63 is an equivalent circuit of a half-loop element together with its matching elements.

The inherent impedance of a half-loop element consists of a radiation resistance (R) and a loop
inductance (L). To match the loop, capacitance (C) is added in series with the loop to cancel its
inductive reactance. Four series capacitors are used in each half loop to improve the antenna’s high-
altitude power-handling capability. The balun accomplishes two functions in one element. First, it
serves as an inductive stub to match the loop element to 50 ohms at the center frequency (135
MHz). It is built as a short section of open wire line with an air dielectric. A short is installed
approximately 2 in. from the loop feed point. Such an element will have an inductive reactance
equal to + jZ tan §Q where Zgis the characteristic impedance of the line determined by the diam-
eter of the conductors and the spacing between them, g is the phase constant of the transmission
line equal to 2w/A where \is the wavelength, and £ is the physical length of the stub. If £ equals A\/4



the impedance becomes infinite. This is the familiar quarter-wave balun. Using a shorter stub length
than £/4 presents an inductive reactance at the input of the stub, which serves to match the loop
and still accomplishes the transition from the balanced loop element to the unbalanced (coaxial)
feedline.

Figure 64 is an underside view of the antenna. The radiating elements are made from 0.032-in.-
thick, 2-in.-wide copper strips. The four radiators are bolted to the dielectric radome. Two fiberglass
brackets hold the two aft radiating elements in a radius of curvature similar to that of the two for-
ward radiators. These brackets are required to make the antenna elements completely symmetrical.
Symmetrical construction is required to provide a high degree of isolation between the orthogonal
half-loop elements so there will be a minimum of mutual coupling effects.

The series capacitors are made from Teflon-loaded fiberglass with 2-oz copper clad on one side.
The copper has been partially removed to form the correct value of parallel plate capacitance for
impedance matching at the center frequency. One piece of Teflon-loaded fiberglass actually forms
two series capacitors, as shown in the cross section of figure 65. The dielectric properties of the
Teflon-loaded fiberglass are a dielectric constant of 2.5 and a loss tangent of 0.002. The Teflon-
loaded fiberglass has operational capabilities up to 500°F. The radome material is a polyimide-resin-
preimpregnated fiberglass fabric per BMS 8-144, type 7581, class I, grade 1, with a dielectric con-
stant of 4.4 and a maximum loss tangent of 0.01. It is capable of operation at temperatures in excess
of 500°F.

Qualification Testing

Two series capacitors are in each radiator; a total of four series capacitors are used in each half
loop. Originally one series capacitor was used to match the half-loop element. Severe corona prob-
lems were encountered at 45,000-ft pressure altitude with less than full power on a single half loop.
By installing four series capacitors the voltage across any one capacitor is one-fourth of its original
value. Such a design has passed qualification testing in a pressure altitude of 45,000 ft at room tem-
perature. For the altitude test, 250 watts was applied to one half-loop element in a vacuum chamber
at 45,000-ft pressure altitude. The test frequency was 135.585 MHz and the full 250 watts was
applied for 45 minutes. Forward and reflected power were measured during the test. Upon comple-
tion of the test the prototype antenna was removed from the chamber and visually inspected for
corona and dielectric heating. No corona damage was visible and the dielectric capacitors were only
slightly warm.

The prototype antenna was also installed on the fuselage mockup shown in figure 66. The
antenna was wired for right-hand circular polarization and a full 500 watts applied for 45 minutes.
Again, the capacitors showed ohly a slight amount of heating after 45 minutes of full-power applica-
tion; there was no sign of heating in the quadrature hybrid.
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Figure 67 is a wiring diagram for the installed antenna. Figure 68 shows the hybrid, transfer

'switch, and dummy load installed on a mounting plate intended for installation inside the aircraft

beneath the antenna.

Quadrature Hybrid

The hybrid furnished is constructed in stripline form with 2-0z copper clad on Teflon-loaded
fiberglass. The electrical parameters of the hybrid are given in tables 8, 9, and 10.

TABLE 8.—POWER DIVISION CHARACTERISTICS

Insertion loss between ports, dB

Frequency,
MHz A-C A-D B—-C B-D
134 3.20 3.05 3.13 3.25
135 3.11 2.97 3.02 3.13
136 3.07 3.01 3.05 3.08

TABLE 9.—PHASE CHARACTERISTICS

Frequency, Phase shift between ports, deg
MHz A—B Cc-D
134 90.5 89.8
135 90.5 89.9
136 90.5 89.9

TABLE 10.—ISOLATION CHARACTERISTICS

Frequency, Isolation between adjacent ports, dB
© MHz A-B C-D

134 17.5 17.5

135 18.5 18.5

136 19.5 19.5

The hybrid’s function in the antenna design is to provide equal power division so that each
half-loop element receives equal power and simultaneously to maintain a relative phase shift of 90°
between output ports. The data in table 8 show a maximum amplitude unbalance of 0.15 dB over
the frequency range of the antenna. This amplitude unbalance will yield an axial ratio of 0.15 dB if
driven into identical antenna impedances and is definitely below the specification limit. Table 9
showing relative phase shift, indicates a maximum phase deviation of 0.5° from the ideal 90°. This



phase error in itself will yield an axial ratio of 0.3 dB if the hybrid’s oﬁtput ports are connected to

half loops with identical driving point impedances.

The isolation data in table 10 were obtained with flat loads on the two opposite output ports
and are intended to represent the highest isolation obtainable with the two antenna ports fully
matched. With the actual antenna connected, the isolation is less since there is more reflected power
from a VSWR of 2:1 than from a flat load. These data are given in table 11.

TABLE 11.—SYSTEM ISOLATION

Frel‘\ln‘ﬁ;cy' Isotation from ports C-D, dB
134 6.0
135 156.5
136 13.8

Impédance Data

To enable the crossed-loop antenna to work correctly in both the right- and left-hand circular
mode the impedance plot of a half-loop element must track the other half-loop element. Also, there
should be a sufficiently high isolation value between the half loops to prevent cross-coupling energy
from one half loop to the other introducing mutual impedances. The-measured isolation between
the two antenna ports of the production antenna is in excess of 20 dB over the frequency band from
134 to 136 MHz. Figure 69 is an impedance plot of each half-loop element for the production
antenna driving one half-loop element at a time. The impedance is referred to the actual antenna
feed point. With the individual loop’s impedances tracking one another, the antenna was then wired
for right-hand circular polarization. Figure 70 is an impedance plot of each antenna element when
driven in the right-hand circular mode. The impedances are referred to the male TNC connectors
which connect to ports A and B of the hybrid. Figure 71 is an impedance plot in the left-hand cir-

cular mode.

The impedances presented to the transmitter-receiver or actual load impedances of the antenna
system are given in figures 72 and 73 for right- and left-hand circular polarization, respectively.
These data are measured at the input ports (ports C and D) of the hybrid. The measured isolation
values between ports C and D of the hybrid with the antenna feedlines connected to ports A and B
were given in table 1 1. The higher isolation values correspond to the lower antenna VSWR values.
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Note that the lowest isolation value occurs at 134 MHz, the frequency which has the highest
antenna VSWR values, as shown in figures 70 and 71.

Antenna Patterns

Both polar plots and radiation distribution plots were obtained for the 1/20th-scale crossed
loop. Figure 74 shows the scaled antenna installed on the 1/20th-scale 707 model airplane. The loca-
tion was chosen to position the antenna relative to the same position in which it will be installed on
a Convair 880 airplane. Integration of the antenna yields a maximum directivity of 4.5 dB when
installed on the airplane. The coordinate system used is shown in figure 4.

On both the polar plots and the radiation distribution plots, the polarization is referred to as
circular principal polarization and circular cross polarization. Since the antenna can be polarized
for either right- or left-hand circular polarization, the principal polarization is the right-hand circular
response to right-hand circular illumination when the antenna is polarized to receive right-hand cir-
cular polarization. In this case, the circular cross polarization patterns are the response of the antenna
to left-hand circular illumination. Placing the antenna in the left-hand circular mode will make the
principal circular polarization patterns representative of the antenna’s response to left-hand circular
illumination, and the cross polarization circular patterns will refer to the antenna’s response to right-
hand circular illumination.

The patterns shown in figures 75 through 78 indicate nearly perfectly circular radiation
directly above the airplane, with the cross polarization down in excess of 20 dB at this point. The
cross polarization increases with the increase in § conic angles due to two factors. First, the axial
ratio of the ideal antenna increases as one moves off the point § = 0° due to the decrease of the hori-
zontal polarization in the conic angles closer to the horizon. Second, reflections from the wings and
other airplane surfaces will cause reversal of the sense of the circular polarization, causing the princi-
pal polarization to become cross polarized after reflection from the aircraft surfaces. These two
conditions can contribute to a loss in overall antenna directivity since so much radiation is present in
the cross-polarized conics near the horizon. Note that maximum cross polarization appears in the
conics between 60°and 90°in the aft directions with combinations of sense-reversed radiation due
to reflections from the horizontal stabilizer and direct path cross polarization due to the basic
crossed-loop antenna configuration becoming more linearly polarized near the horizon. Also, the
size of the fuselage in terms of wavelengths at VHF is not sufficiently large to confine the radiation
to the upper hemisphere. The principally polarized roll pattern (fig. 76) shows this clearly. This con-
dition also serves to decrease the overall antenna directivity since the ground plane, i.e., the fuselage,
is incapable of adequately confining the energy to the upper hemisphere.



Multipath rejection is also poor due to the small size of the fuselage when compared to the
wavelength at VHF frequencies. Typically, at the 80° conic, the directivity of the crossed loop off
the left wing (¢ = 90°) to principal circular polarization is -0.78 dB. The multipath signal at this
point will be arriving from § = 100°and ¢ = 90°. The directivity of the antenna to the opposite sense
polarization (assuming sense reversal) is -7.4 dB below isotrope. Thus, the multipath rejection is
(7.40-0.78 = 6.62 dB).

Figure 79 shows the percent coverage of the antenna inside the cone defined by 6 = 80° The
horizontal axis gives the antenna directivity in decibels, and the vertical axis gives the percent cover-
age for any antenna directivity value. The cone § = 80°was chosen to limit the sector coverage to
only the intended coverage cone, i.e., from directly overhead to 10° above the horizon.

" The use of the radiation distribution plots is best explained by the following example (the same
airplane coordinate system is used throughout the report):

e Find the directivity of the crossed-loop antenna in both principal polarization and crossed
polarization with respect to-the circular isotrope for the point § = 80°and ¢ = 50°using the
radiation distribution plots (figs. 80 and 81). First, the peak reading on the radiation distribu-
tion plots must be known. Inspection of the plots yields a pattern maximum of 2 dB. This
represents the peak directivity of the antenna, which is known by integration to be 4.5 dB with
respect to a circular isotrope. Thus, all data points will be referred to d=cibels below the maxi-
mum of 2 dB, which corresponds to a maximum pattern directivity of 4.5 dB. The radiation
distribution plots are recorded in 2°increments in both ¢ and 6.

® Knowing the peak directivity and pattern maximum, go to the point 6 = 80°and ¢ = 50°on the
principally polarized radiation plot. The figure obtained at this point is 7dBor2-7=5dB
below the maximum directivity of 4.5 dB. Thus, the actual directivity of the antenna at this
point is 4.5 - 5.0 =-0.5 dB below a circular isotrope.

e Similarly, the directivity of this antenna to cross-polarized radiation can be found from the
cross-polarized radiation plot. At § = 80%°and ¢ = 50° the number 14 dB is obtained. This is
2-14=-12 dB below the pattern maximum or 4.5 - 12 =-7.5 dB below a circular isotrope.

Conclusions

A VHF crossed-loop antenna has been developed and qualification tested to an aircraft environ-
ment. The impedance plot of the individual loop antenna (fig. 69) indicates a high Q antenna. No
absolute gain measurement has been made on the actual antenna since the ground plane required to
sufficiently confine the antenna’s radiation to one side cannot be supported on the Boeing antenna
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ranges. Figure 62 shows a representative radiation pattern for a half-loop element mounted on a
scaled 40-ft-square ground plane. Impedance measurements conducted early in the development pro-
gram yielded a basic loop radiation resistance of 16 ohms at 135 MHz, with the loop tuned to reso-
nance by a high Q variable air dielectric capacitor having a Q exceeding 2,000 at the measurement
frequency. No dielectric radome was present for this measurement, merely the 2-in.-wide copper
radiators mounted on a 12-ft-square ground plane. The measured value of radiation resistance, i.e.,
16 ohms, indicates that an efficient radiator is possible if low-loss materials are used in the antenna
construction. These facts, as well as the electrical properties of the materials used on the production
antenna which were discussed under “Impedance Matching and Physical Construction,” indicate
that the production antenna meets and probably exceeds the minimum efficiency requirement of
the specification.

The antenna coverage performance can best be summarized by referring to figure 79. For 80%
of the coverage area, the antenna directivity meets or exceeds a directivity of -1 dB (the specifica-
tion limit) in the cone defined by 6 = 80°.

As discussed earlier, the multipath rejection of the antenna is poor for certain azimuth angles
near the horizon due to the relative size of the fuselage at VHF. The radiation is shielded from
below in the azimuth direction of the wings. The result is that the poorest multipath rejection occurs
in the two forward quadrants (¢ = 0° to 90° and ¢ = 270° to 360°).
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Figure 60.—VVHF Crossed-Loop Antenna
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135 MHz

;
] [} o L)
HIEEREBEREL &

“lags.srance componenT(-f.) OR coNDuCTANCE componENT (-

—

JEPEIEES

~-%.~ Right port
- / - ’.

Figure 70.—VHF Crossed-Loop Antenna Impedance Plot, Right-Hand Circular Polarization

97



98

3

@ ]
sens o) =1 9| g
RESISTANCE couvou:uv(—z‘l"—),oa CONDUCTANCE COMPONENT

Left port
o
X

“¢ 136 MHz

ZO =50 ohms

Figure 71.—VHF Crossed-Loop Antenna Impedance Plot, Left-Hand Circular Polarization



e %8

LI T
Nu,,‘

2:1 VSWR limit

-~ ]

tH

~ 137 MHz
=3

136 MHz & 134 MHz

133 MHz

¢ 135 MHz

20 =50 ohms Remarks: Impedance measured at
port C on hybrid.

Figure 72.—Antenna Impedance Plot at Hybrid, Right-Hand Circular Polarization

99



100

2:1 VSWR limits

Zy =50 ohms Remarks: Impedance measured at
' ' port D on hybrid.

Figure 73.—Antenna Impedance Plot at Hybrid, Left-Hand Circular Polarization



101

Figure 74.—707 Airplane Model—1/20-Scale

Scaled

crossed-loop
antenna




102

180° 0°
90°
310°
507
300°
605
290
70

2807f -

80 f:
270° ..., 90°
0" 100-—-90—80'——‘70—‘6 -[270°
. EER g S £ 3 = =
L TR oy A
260°\ - g FORS: il
100 § (S o 260
3 g - 7 ] ;/75
250° \ 7 SSasess :no°
110 S S YL LT 250°
X S L i T
RAE
y Y 120°
26 >R 3 240° '
30 130°
50 230°
140°
220°
t 150°
0 210°
1S 0°
200 1
160° (1001 o 200°
190 o 170
n° 18l0 1%0°
Maximum directivity: 4.5 dB Model scale: 1/20
Curve plotted in voltage Full-scale frequency: 135 MHz
Variable angle 6 o 707 airplane
Constant angle =0 Antenna location: top centerline at STA 600

Figure 75.—VHF Crossed-Loop Antenna Pitch Plane Pattern, Circular Principal Polarization



’ !sotrope ! g
TH + " Hn-B‘(# 4 212:)%
-{I 150°
210°
200 U 160°
o o
180 190 001 170° 20
in* 180 1%°

Maximum directivity: 4.5 dB
Curve plotted in voltage
Variable angle 0

Constant angle ¢ = 90°

Model scale: 1/20

Full-scale frequency: 135 MHz
707 airplane

Antenna location: top centerline at STA 600

Figure 76.—VHF Crossed-Loop Antenna Roll Plane Pattern, Circular Principal Polarization

103



104

S
7 7
20° X/ AL
e 4 a
210
150°
200
160°

Curve plotted in voltage

Variable angle 8 .
Constant angle ¢ = 0

7

7

T

1

4
Isotrope H+
; e
T
150°
0 210°
1T
1 1602
[300] 170° 200
C
180 1%0°
]

Model scale: 1/20

Full-scale frequency: 135 MHz
707 airplane

130
230

140
220°

Antenna location: top centerline at STA 600

Figure 77.—VHF Crossed-Loop Antenna Pitch Plane Pattern, Circular Cross Polarization



Isotrope \ ARG
220 + T SN 140
° 30 220°
T \
0 150°
20e° 0. 210°
200' l'} 160°
160° S 200°
e 10 e

Curve plotted in voltage Model scale: 1/20
Full-scale frequency: 135 MHz

Variable angle 6
Constant angle ¢ = 90° 707 airplane
Antenna location: top centerline at STA 600

Figure 78.—VHF Crossed-Loop Antenna Roll Plane Pattern, Circular Cross Polarization

105



901

100

80

60

%

40

20

Antenna directivity, dB

Figure 79.—VHF Crossed-Loop Antenna Percent Coverage

10

-
Sector: 0 = 0° to 80°, ¢ = 0° to 360°
Frequency: 135 MHz
1 1 1 1 ] 1 1 |
-356 -30 -25 -20 -15 -10 -5 0



Nose " Left wing Tail Right wing Nose

30293029 3131 313 BIEEBBWBEB82225552626262626262728272526262552525262525252628272727262527252727524242626262552526262627272‘7252727272727272726525352424242424243524525852626262626262626262625242424333262626262626262555262652424242424242424242424242424%[3%83555&%?83&3] 3N NRANANAIBITHBIBHPIT66ABBBRIN99
7292 %626 2829303334 35373837 3634 3029 86265 BBR R 22120 2222212121 20202020 192019 19202020 202020202021 21 222021 R 2 R 220 R BN M 5232523262627 27 282929 B 62626254 322 2212120202020 19191919 191919 19 1920202021 2A 2 2 2 2 BUBBOVNNYBBA 655N BB5BX5NR LRI 2223222212121 2121212121 212121 21212120 202020202020200021 2122 2222232424249
BBBLBBNNANNBB55562627 B IIRNNBU 061233231 2222119191918181818181818 181818191919 19202020202020202020 1919192021 21 2 B3 BM M 252627 B0 T HI7 3838 097 2652332322121 212020191919 1919 1919 19 19 19 1920202232528 313436 229 2726 25 232221 21202019 1920 2021 21 120221 BM N NN N BB 6N M NN M BB BB BB BB BB BANNBANNB4 3B A4 42333
BBDNN BT 65X BRL 202021212122 B29262930 313034302527 23222120 19181818 18191919 181820 19201920 19 1919 1717 17 (616 161515 1S 15 15 16 16 16 1718 19 19202222 2 26 2830 2 B 32 3534 3229 282827 27 28282827 28282828 28282726 5 19232221 21 21 21 21 2 BM 2620 DA RV7042212019 18181717 1818 1819 192021 22 22526 2830 33 3533 3130 3130303032 353936 353220 2826250 2625252626 27 27 2829 2827 282833 9
WRABABRVN BT XN B5NL2L3BRBMN52727 B9 R34 318625232221 21 02020202021 21 2242223222120 18171616 161515141414 14141515 (6161718192021 22 2528339 50 BT BN BBR2A A 2R 2 R B BB BB BN BB TV BIR BBARA 00002 2 B60 R 312724212019 1818 1818 192021 2426 676 MU BR R 22 BBAN N BB N 6654 BR N2 A RA 222N R R BBN5252626

Top 0-

20—~

BANBBRBN6LH B IABBIHARBBNBBBBANNB26600H BRWISHMBN200202 235677 32120181717171616161616151516 1616161717 18 192022 232528203020 2827 5M MM B BM 2526262524 23221 2020 19181818 18 182021 23252627 252220 1918 18 18 18 182022263029 25220 1918 18202 429 3734 B8N 32221 221 325290 31310 BT 7 6262625252526 B8R 5393837 3534 3130303029
BANARANAANAN2ARRZBNXBRRPRVBNBRRBBPT D BBBBBHRINNDT 26005272627 002623220 202020212020201018 171616151515 1516 1717 19202 2426 30 3232 3029 2829 3131 3127 30292920 2826254 32221 1918 18 17 17 1717 18 19202242626 2321 20 191818 1921 3283127 321 20 19 192022429 BB R 00202021 2 M6 31 BNB B MMM D26 BNNAA RN N BM NN 404092000555
BARINBND3I BNV BBBBUBR22BNS5IIVRNTB6X626079 852321 00002 M7 BT B5BBB5BI7 3201919192021 232623201816 1514 1413 1313 14151617 1921 M 282202624 7321 21 2 B3 BB 221 21 2120202020 2020 02021 21 2222121 2t 21 N2A 2 BBV ERT U BR 2 M6 D 5622019191921 2029 2261212121 2A BB0 D BBMBBBANBEBNRBANT BBR R B424005267 BRNRAA
BNBA6B282930313334 BRI BXANR22B6H 31262321212 2221 191716161617 192122120 1818 181921 221 1918 1616 1718202264 23201771514 14 MI3 14141517 192124 M2220 1919 1818182021 2222222221 21 20 2020 19 19 19 19 1920 21 2326303636 BRIAA 026 32221 21 22 2520 836 3127 2522 19 19 1920328226220 VNI MR BBR0ND02 4293634 3100009 BT 6BTNABBNBT X 532222
22 BMBB6262626556270FHBBBRB352936262320 1920202121 191816151516181819171514 14 M 1S 161718171616 1618192122 232321 21212221 1917 151513 13 1414 1415 16 1717 17 1717 17 17 18202 2323222020 19 1920 2t 21 21 22 2t ARBRBAXX6NARAA2ATHBNID VNN RNB55T70NAR22630362521 1918192126202 191818 1922629 5M BR BM T 3 BHHRNAB I BT 6MM BB222021 200
2BBDINFIBBAIBRBBST IIFTADD9 890 BN 22820020221 191715I515161717 16151413 14 4161616161516 16202 M B30 1918202 704191715 131212 13 (4 (516171717 1818 192021 21 2120 1818 17 17 17 18 1921 2326 283032222027 2421 I9 1818 1820222720 25222t 2t 2328282320 19 1920 3242220 1921 23292621 20 IQZJE:Z‘Im 1817171921 22212019 192021 22527 2625252526267 BBTr 6525255982220 2
192021 222527 82727 2727 83030 827 27 83107 0B AR 22526252321 20 20 2423191716 171820221917 16151516 17 1615 14 1415 1721 221 1817 17 182023 2830 19 1715 14 141313 1416171818 16 1616 161819 1919 IS 18 (7 17 1717 1617 18 192t BB MBR 2R 2R R 2R 2 BXBNNA BMR 2 M7262 181616171818 161515 16 18202018 171720232 1816 16 17212220 18 717 1922 21 21 21 21 202020 2021 22 2526 2626 27 2829 27 252321201919 18
B9 MBI XBBNBBMNBNBHBBRH BB BB2NN026221 21 BBTTA2 232529261917 I61617181917 151414161821 201817 17181921 2222232421 191716 165161618 1818 17 15 14 14 1517 18 19 19 19 18 18 1717 18 18 1920222425232 19 18 182022 26343429 82833370 52322027 723191716 171817 1513 131416 1716 14 14151820 1917 16 17 1821 2220 19 19202021 2020 1920 202019 19 192022 23232424 254 3221 0 19 18 7 17
ABBDBR AT BN BRBBAB69203027 NB2BBB3I3A 5724426 3134 313028272627 2319 1818 192331916 1S 1516171817 16 16 17192121 19181820 329292320 171515 1516 17171716 16 1617 1818 1717 17 17 17 1718 1920 2 M 25M A M2 20 192t BB BOMAA 2 BRBR 27 221 B25M 21 19202221 1816 16171817 1413 14 16 17{I7 16 16 182021 1919 19202020 19181818 18191918 "3 18 19202 2323232323 232322212120 201919
2122525262626 BNV T BMABR R 2326289 BAMN BARN3633 282629 38BN R 2 BMN7302521 21 531221816 1617 1818 17161516 182021 1918 17 1820 2529262220 17 16 1516 171818 16 15 1516 16 1616 151413 13 14 16 17 1920 21 20 18 18 192t 23 2620322929 313129 28282826 1 BBBB322 N2 0226260052720 151516181816 16 171820181617 181918 17161617817 171717 1717181819021 22232627262320191818 1820
92ANRR22BBBBBBTN5B42552627 8303108282934 BB/ABH 5650325262930 M21 3312620 1817182018 161515 1618192019 18 1820222629 28252220 181817181920 1815 14 1415 16 16 16 15131212 13 IS 1718 18 (7 7 16 16 17 192t 327 32026424 B2 2 23262420 18171821 222324252627 26242529 B2 2273622 19192321 1716 161818 18 171616 161818 I 16 17 17 17 171819 1S 1816 16 16 17 182022 2526242220 18 16 1515 17 18
ABBANNBR2R0019190227223030292532 230274242926 2829262321 2122326 31283030 312421 21 021 1716171819 161514161719 1918 1820429323334 284222221 2021 2121 1317 1617 1718191918 16 1413 13 14172020 17 16 1616 17 182021 222226 33 31272421 1817 IT20 232 18 1717 192027 3220303026262933262530 221 232920 I6{16 1819 1918 18 19 1B I7 1717181717 16171818 1919 ‘7161616171718 1919202121 018 7 161617 19
21 BABNB222121 191818 1922632363627 23212021 21212121 2294220 1920 23283 3027 27302620 192221 1716 17 18 18 15 14 14 16 17 18 1920 2537 2824 232427 38 2821 I715151620232421 202024252017 15141414 14161820 1917 1616 1617 192324 232420202320 191816 16 16 18 191916 16 16202t 1615162021 18 182129 3127 2829232021 2421 18[192320 19192020 19181818 1818 17 17 1717 1718191918 1615 14 515 16 182022 2321 19 17 16 16 1618
1820212121 1917 (716171819 192021 225282842019 191919191919 1921 3221 2020227 3126221 202018 17 1821 18161618 17 141313 13131313 518 171516 1926332321 1816 15 1416212t 20 1919 1918 171818 16 1413 141515 14 1416 18 17 1515 15 16 1721 24 2323 2522 17 14 14 14 17 18 17 15 16 2320 1413 1621 1613 14 1821 [6 15 18 282321 2333241920 282320232319 192020202020 1818191919 17 1616 16182120 17 1514 14141516 17192019 18 16 15151515 16

4Q-BDARADITICISIA14161821 325254 8201919191918 181919192022222221 2| 21 232521 1161615151516 171816 141515 41212 1110 9 910 1 21213 15181717 161718201919 (71313 151717 717 1515 M 141516 17 1616 17 1918151516 17 181318 181820 19 16 [412 12 162220 16 1620 2818 1413 1821 5141829 17 1518 2819 7202721 1821 27 19 7 P32 181921 1918 1918 1718191916 1515 15 16 1718 17 16 1515 14 14 1415 15 16 17 17 I7 16 16 I5 15 I5 16
182022232220 18 1616151515 161820 23262320 1818 181919191818 18 1920202020 19202018 17 16161514 113 14141313 14I31212 14121212 11 9 8 88 SI0NRIR2I2 131515141213 1415141414172 572 17151618 1716 16 17 16 16 1820 18 1820222 1917 14 141718 1717 1514 14182619 16 161929 I713 14202 16 17 2520 1720 517 16 1922 18 1620 3 17 162022 19 18 1817 1717 16 16 17 18 I7 6 15 14 14 14 1S 16 16 15 15 14 14 14 1414 1516 17 [T 16 1515 14 1516
161819191919 1716161616 171718192t 3221917 16161820 191818181919 19181817 18171413 1313131213223 112 M0 NI312 11121210 8 88 8 91010 91012 1412 1110 910 131618192019 161515161513 141617 1515151413 14171918 1617192521 16ISI6 161616 171513 13 161816 1414171813 11 13 2318151824 19183219 16 1922 17 15 1820 161518 18 1717 6 16 16 15 1516 17 17 16 17 161514 1413 14 15 16 15 14 14 14 14 1414 15 16 16 16 15 14 14 14 |4 14
MI5161717 171615141516 1718191918181818 16151517 181818 1818181918 171616151412 (11112121212 1111119 9101 910I3111011311988 8888 8 9101099 99N BI3BI3MIZB3I21213131313 MISI51514141416181614141619282520 18151313 1516131213 15161412 13 15131012 1918 141522 171521 20 16 722 17 151617151586 16 15 17 17 6 I6 IS 16 17 16 1616 I7 16151413 13 1415 15 (5 141313 1313 14 151515 15 I3 2 R 13 i
1I3UISIEIEIEISIAB MI617192019181615M414 M 141516161717 171718 171615141312 11101011111 11109 9 881011 91013111011 1121010108 77899088 8/!988 899 9101012 1416151516191816161818 171719192021 1917181918 1822302918 1413 151917 1413 1419161313 141413 141918 14 1417 1513 1619 5 1619 1614 15 1514 1416 1513 15 1716 16 1516 16151516 1615141413 13 1415151413 1312 13131313 414 MIBR 12121213
MISI516171614131213 141516171818 151321213 14 ISISI6 (71717161616 141313121212 11 111111101088 99 91121011 MI11013(613121312 9T 899778101086 67 8.8 9101213141313 4IGIS2 8171817161717 1617212225202620 1920262619 17 18222517 151621 18151515 15161820 18161515 (412 12 13 13 (61413 14 1513 1316 1513 14 171515151515 14 14161514 I3 1313 M 14 413 3R 212 21212123 13131212 1313 4
RBEEREERRBE UMY RISHRIZEMISISISISIGIEISISMIBIZIEI3121312101010 99 9 91110/013121012 MII 1151814141715 9881086 7101097667 7,788 9988 910I0I1MI5I41620181817151619 1816162021 191923 2232262324 3921 1921 2519 16 161615152022 1818 17 151512 1112 11 (11313 11 12 131315151313 151414 M 141313 M IS4 14 413131313 1313131212 110100 112 3B BRI

MIMMISISI3I5151414 1515114141414 1412 211101010 1010101213 1112 1412 H 31312131819 151829141010 1110 8 7911 8 7788 766 6 6777 7 910 112 1517 1718243036 25262922 18 17 17 16 15 18 2327 2838 25252621 572622 181819 1715 1823 171921 (61613 11 11 1110 111210 111312 12 §4 1413 1413 13 14 413 12 12 13 13 13 14 14 1413 1212 12 13 1312 11 10101010 11 12 12 12 2 11 11 11 41 11
INHRREZIZIIEINTNSISIZBEISBEM44I313B3M14MMIIS414151413131 111011131414 (5412131412 11 41413 1627218202 161618201310 11141188 9987 7°6 6 6 788 91013 141616171918151517181813 1820272921 16 141517182034 19 171817 2521 182242026 4 1719717162317 16150212 111010 11101012 NIZI3RR2 31312 4 M4I31212 131313 144413 11 1 1112 11 1110101010 11 11 1 11111010 9101010
HHRRRRUHITRRIBIBBISISBRIZIBMIBIZIZISIEISISISMIMMIZRIZN21313141918151613 1113413 MI9I718272520232 15152320 1716182127 14111114107 7 810 988 8 9991010110113 MI3131515M 14113 M 1A1517 1541312 1319181515 162619 151936 17 (621272326 171622 17 IS 17131212 1110 1110 1112 (1122101012 1212 14 (5 [MI2 13121213313 1313 11 1L 11 111010 1010101010 (010101010 9 9101010

60-NRRRRININIIRRRRRIZERZIZRIZIBIZZIZIG18I17ISISMIMMIZRIBISMUISISBIT2I6MISI21151515191815171917 1516151212 5121 152918172219212311 9 SR N0 9888888 8 8 810 111213151614 141412 111010121312 (1101012 M 1513 13202017 18301613 142517 1619223018 1517 1614 MI2 1212 1121210 11 [2 11101212 1012 413131312 1131212132 1111 11101010101010 9 9 9 910109 9 9101010
JoIHNIIRRRRINNIIRRIZIBMUMIMIMMMIGIBI7ZIEISISISMMI4I5I6161617171717 14 1512 1115431512 111313 412121210 1111 9 813151112201814 141514151512 111111 988 8888 8 9 9I010101012131314121210 88 9 91010 910121513 11321 9 141820121222 1512 16382822 16 1613 15 14 1413 13 R 221010 11 I3 N10 N R B MR R IZREZR2I2I2 10000098888 999999989
ss9999wumnunmmunnBMEMBBusmwwwwwwmmwwwmwwsunnsnnunmn99nunumm998759ms9mnmmmmmmmnnmmmmmnnmun98877799mnnma7779um89memmsmnmmuwwunBawammwwssuumsﬁnm&ummnumnuBBmmBunummm99mmum988ass8887788
T77778901LNRINTINRRIZMMIBIZIZMISIEBIINIIITISISISITIZMISISIBRZIONRNIIINGE 988991098887 7556656888 8I0NRIRIRRIZMISKIZIBMEMRIIOBT??E65566781507669R118710088I1011991198I1313/01264212015171815161514 161 MI2101110 111210 111210121313 111212 11 1111121210 99101010 98888888 7TE6 66 6
7777778901RRRIRIN2IB3MMIBIZKISIETIBNDIZIABMIGIBIGBRI2100N10112N10977878989877766445544666678 0101213 MMMUISIEISIINIOE8 7776555567 931297 79213979108 791088108 7HI29UI5315191515/8141716M41715151312 (210212102 111012132 111262 111 1112111091010109888888 77666666
T77777891010000111121212 MMI3I213 4151515161718 16141416161513101011101011 91210987 7888 9898 7766644454356556888810121199109888 77788 97776678111411109(1141410 9121199101088 9881012 9111412121514 17131517 141715161413 131013121013 111011 11101 1111101112 110101010 98888 T7 YT T66666 7
T77767889999101R213MMIAMIBRIZMIAI4M4I6I6161514141413111110 911101011 9101199888 9999888888 786566445543577668I097667667778991111101088 991215[513121418151111181512 141413111010 98 911 910411 1121212 61213 1613 17 1517 15 M4 11 13121013 111010 111010 1 111010 (1 4110I0NI0 988888 7TE6 6666666
77776788999910R2MISMIIBI2II2I3MI4MI5I5154131312 11(010101011101011 91010998 99109988 9991099108788 656533566557 98654565788 910I012MI41412121212151918 1715183617 14163317 18272320 6141312101010 9 912 1110 111110 M4 112 1513 51415 15151612 13121012 [110 (0101010210101 N0 91010 988 T T7 777666666 777
777777899991010R213MI4I3R2111113(41616151312121212 1110[0101111101010101 91010 910 9 910101099 91010122 NI24IRNIBR 8T 76435654567 643345679101010011314161919192026252222 171617 161833 16163021 23292621 2019 (41212 9 9 11101010 111013 11101312 141313 14141614 141112 11101010 9101210101110 99101098 7777776 666 66 6 7 7 7
TTT778999999101112MMIZI211T1MMIEISI311111 112121010 91111 9101010119 9 9 8101010101010 9 SI0II2IBI2R2I5I7MI4I61311010 854 5544 56654334668910999101113(520190161717162028161312131917 1113191416 171820283522 16151110 11 11101010 912 101012 1113131313 131413 13 4213121110 9 8101110 9101098 91098777 7777667777777

80~ 867777910999 9101NBMBREINNISIBIZMIZIN0ONIIIRIOSSINIOIIOINI0GS9SII0I0I0II0I I0IEZISRIZIGR IIRIZRIZIZMNES5544576435235789999 90 1IBMIGISRIZHINIBISNS0 9NIER ORI NBBEMIGITION23DEI2NI0010 90920 NBBEMIBRIZBURINIBONI0EE 99887287777 727777776
666767910(0109100NR2RRINIINIIRIZMMIIZIONIOIN0 IS IRI10I09 9109 9100111099910 910112141310111310 9101111214152 86664457643333 5788 9991010133311 98886 433149 7102109121112 1113153 417232416131312101010 81010 9121012 (1101212131313 1312 4121211108 90 99101088 9987778777777 7276777
667777910101010101010N211111212121313131313119 910111110 9 9111010109 910 91010111110 99 9101010122312 91012 98109 911314129777 54677 543335788 999101 HIZIZNI0OBE66 71225149 710109 91011012 11131512 M415192720161413 11111 910 9 9210 1 11012 11212131313 4111212109910981010999988 777777887 7777777
7777678910101010101011111110R213131312121212 11010 11121110 9 911101011 9 910 91010111110 9 101002 H 2881099 HI2R2NIOS88 65688 644335788 9100122113109 76 5618138 71010 9101011111102 MI2 MI3 72326191614 111212 91110 98210 (1 111012 112112121314 1112121210101088 99999988888 7778888877777

_ F777678g 30000M000NMIOIIRIBIZRIOI0NRIIIIIGIIONINIRS IO IOINIORRRRIIOHIBEICOINNININGOISIEETEETS54445789101R2RRIBRIBRIOSTE6TIZISIBSBEI0IONIIRIRINIEZIZRIAGIEDBRIIGSISMIONI09RIONIIIONRIINI2IR2I314111212101010981099998888888878877877777

8. deg 10101010101010101012 1212 12 1 11121313 1111 11110101010 11010 11 91012 HI212 41111010 9I0R 11132121210 9N .99 N0 S NRIIRBIBNNIOT7 7898 6554578 9I0RRIBIBRINOIETEE8I3MNIBI0SI0RRMMIBRIZRI2 4131618262520 1713 1415121310 91210 111110212 {1 1112121213 11 1112131010 9881010101098 88888888888 8888888
’ 8777777388 91010100110101113141413 1110 MREITNITIRIITONIONIBIURRIBERZINIONORIZRMIZHIZ1I0I2NI010R2N0RRRIISIBIZR1188 91097655578 913331311010888 77 9I2I31I0101010121313161413 1412121313 131518252621 181415 713 MI201210 11 11012 13 [I N2 21213 1 11131412 1108 8101010109888 9899888 988888888
877777778900HRRINNRIBIBRZIIOIOIRRIBIENERIZIIINIINGMITIRRIBRZITIZUIEMGBME2 IR0 M3R2131212121618151311 98I0 U0 976668 9I0RMISIZIZI00 988 99 9IORIZIZ 11011 1112141618 151617131313 414151621 2821915 1417 14 1513 11131010 111012 13 2121212121212 1133121110 9 911101010 9 88 8 9910100999988 98888
8877787789NNRRRIIOIRRRIZIOIOIORZUBKR IRRRRRRMMIRRIRIZBRZINNIZRIBMAIBISR HR2INIZRIZ4I6BI133R12MI921161412 9912111088 77 9112 14154131210 99 910 110 11113 (413 1111131212 151818 (51719 141414 1416 16 16212923 13161518 1415 14 11 M 11 11 1110 1112 [[ 22121212 11 11 313131110 101011 1010108 & 8 99 9101010 910109 81010 9 8 8
88778877790HNRRRINIRRRRINOORIBBUBNRIBIBRIRZRIGERERRZRINIINIBISIEIEMIBMRIONNIIMI4I5I71613 4131213 162021 171613101012 141210 9 88 911 MISI71715/31210101010 1112 11 1112 13 15 412 13 1613 131822 191720 21 15 1313 17 161721 2622 7 1414 1714 1615 11 14 11 11210 112 11212 12 121212 1112 131312 (11010 11 111010109 © 910010101010 91010 910101110 9 8

100~-7777787779UI3UUBRIRRIIZIZINI0IORIMISISIZRIZIAIBIZIZI3I74RN0INIRZIERI241512131313MRI02RI317191816M13 141312 4161818161614 111013 15131110 9 9 913 172021 19171513 111010 1 21312121313 1312 1418 14 15232221 1921 2519 1613 13 1717 18 192423 18 1413 1613 14 1512 1512 11121012 12 1 11 11 41 1112 1 11212131212 110 11 1110101010 9 9101010 111110 9 9101010111110 8 8
887788888 9IKMIGIEMITIIIIRMHARITINEZISIEIEBNRMIGMMRMNICIOORIBIBIZRIBURBIBRIBRNRMKIOBITISIZEIABIR2ISISISIZIENIZI2 111417MR21110101013 1721302221 I7M211 1 11213 1415161414 1414 16 16 15 18232022 232020 20 1713 13 1619212024 (9 1713 13 1713 14 (4 11 1513131210 11 11 1 1 111110 1141 1112 (112 11 1 R2121212 10101010 9 9101010 [1 11111610 11 LI 11121211 O 8
'9888888888I0IBITIEKINIIIRIMIGIEMIBRIBISIEISIZINIRISISISR U IDINR MR IBURIBRIZIBRIRZMISAHIZM4I4I5M4141720181716 21713131617 MIR212 11101013 172322221 181512 11 1 1113141617 4151818 17 15 16222221 303020 1821 191513 13 1821222519 713 13 17 1 M4 M 1113 (3 1313 1112 111110 111010 M 11 1121212 11 11121213 13 1110 11 11101010 111010 11 11101012 12 13131312 110
888777888 91115001612111212141718151312 MISIBI7MI213 MMM II01212 11121212I312121213 4111312111312 1113 15183020154 15161514 151818181817 717 161618 17131212 11101012 15202922 19 161312 11 11 1112 IS 1819 IS 3 172322 17 15 1924 21 2434 2820 17 18 2521 15 142020222420 1813 13 18 14 M 1410 13 1313 {4 11 2122 11 1110 91010 N2 21312 111312 13131210 1112 41 11 111211 11 11 101012 131313 1312 N 10
9888878 9NNIZIGABIZISIINIIIBIGISIEUMMITIBINEIZRZMMARIIIBRRIZIZIBIIBIBRIZIBNRIZRISMISIGZIBANIBIGITIBIEMIAI61921222120 B1617212620131212101010 1113 724228513 12121213 4182320 615202621 16 1521 2 182232721 1715183219 18 2821 21 181921 15151915 MI310 1313 13 1511 13122 1212101010101 {1 1131212131313 313 1 N2 21212 11 1111101214144 141412 11
09988 789I01113161921171312111214182120181818161614121213 14151512 1112121213 MM 41312121213 11121212 18161518 161621 17172022 16 1415 182024262429 1917 19 283226 16 1412 1010 10 1112 1522 2519 16 1413 13 13 14 1520 262320 182021 20 17 1621 26 1921 327 331713 16282121 A2 19151519 17 16316 151310 1312 13 1513 4132 1 HIONR N2 NNBB B3 MMUIZBE 3121213 414414131011 1112141514 1414 1412
210987778103169221 7413212 4I6192018171616161413 1313 141121213 M 151515141313 131212 14213 41320 17151815518 1719292416 (5191919242123 31 16 14182629 521 18 14 111010 N 1213 19272016 15 1413 I3 14 M4 192934 3021 19 1921 21 1820 3822 23 252327 (815 192422 21 252418 |4 M 17 17172518 19 M 11 13 1 1 I413 IS 1615132 NI NI IBR 12 MMIAMISMBRR221Z 15161616 MI3121213131315161616151413
1311109888 910421 8M419I514131212131518181817161614I31312121313 141213 141516151513121313 13131513 M M 1420 181517151416 17223721 16 [7 252321 322421 1313 1621 223253120 1513 13 14 14 14172621 18 1615 M4 1 14 521 202826 19 7 182226 23243821 1921 7218 18222021 38233 T M M4 1617 18251921 1713 1612 10 131213 161716 M2 2R N3 R2I2 MMM MMIZ 2121313 415615141312 13 151515 1718192018 1615
131210 9999 9I0I3197AI7MIZRI2I2MI72A21 1917161513212 11113 1515131213 MI6I515131213 MMM I514 M ISI51919151616 14151927342 1821 30 28232220 2521 M 1417181818 192340222022 2220 18202721 18 1615 14 1414 17 2521 2022 19 17 18 23 3531372020 18232922 21 22 18 (621 2021 3201514 1515 1726 1922 19 [ 191312 MI2 12 157 716 14 4132 41312 (313 14 1413 14131212 11616 1717 (6 M I3 213 1416 16 (72023241815 14

- RRNI0YIIOIMISZSIEBRIZIZI2I51920I18I6I54MIBISISRI2IMEIITIRI4IEI5151313MI515151513 1416151719 151720 16 1621 26242622 2529 3927 21 182021 1821 221 1716 17 18 MMM 2726 2325 2828302320 1818 17 1820 25320 02523 19 1927 23192222 1819 2819 182621 151420 2821 22 2518 7 1713 1622 1820 23 1622 I6 14 612 12 1416 161515 141313 K 1413 1413 M 14131312 11 113 171919191817 141212 13 14 14 16 19 252720 1513

120-3BBBRUNRIZIAISIBZT BMRI IR2MIGITIEISISIS M4 141212131313 11 1112141614 41312 141616161413 141514151816 19292020 512022 283834 227 18 16 172133252419 17 16 1719202220 18202929 313327 2233262626 320 1820 28292221 2319 161919 18 2329 15142027 1514 B3 2324 1921 1713 1620 161821 1521 19 17191312 144151 1413121231312 1413 13 MI3 13 (312 1112 15181818 18 18 1613 131213 M 151923282818 5
BI2I21212I213 1415171923350 I5MI3R212 1161616151515 MM ISI312 1212 131312121213 MI3 131313161817 15131213 1514 1416 16 1934 252634 262021 29 2522 73232919 1514 1821 20202020 1818 17 18232220 024 232222 1921 21 191818 18 191921 3320 252 24242021 320222 16 15183517 151826362519 1823 17 141718 151820 519219 M 1513 M MMM 1441212122 12 13 41314 4131312 111214191918 1615 M 131212 13 14 161822 252519 14
MI3I31314MISIE19232526 25219 (7151313 1515154 4 MISISMMIBRI2IZMMRRINT2I3(3MI516171815MI31213161515161619 312 B383625732421 1922222520 18151621 2220 1921 3191617 527 321 32221 21 181919 181717 19222221 21 19 1922 5307 22 28232021 62 190220217 162191620 17 MI7 741821823 71515141413 41412 1212121212144 14151413 131212 4202421 7 141312 111213 141517 192 82317
91514141616 171822272722 1817 181816 15151515 141313131313 151513131313 14131212 11 12 14(SI617 161716 1414 MI3 13 177161818 18 234 2525327 2519 182026 3202 2819 1827 02620202321 171829 57 M BB R B2 2220 1818202242321 20 1920 613 14 18 2531373033360 33 2820 16 162424 17 162021 20 (71518 1513 171917201918 1615 15 M 14 M2 1213 131313 14 141516 1615 1515 14151821 21 18 M2 11 12 116 1718 1921 233125
211613141516 17182022 18I151415I5151617 1616 MI3131313 1415141321213 MBRIZRI3I6I67I7I7I61514141515M19201821 231717191918 171818 1718263422 171621 2 R2 19253127 023182026 M M29 38312527 26 52524212021 20 1927 2 18171614 14 193822 1920 25231922 251613 1421 22 181921 20 33620 172 16 MITI7 1416 1718 I7{6 16 MK 1212 14 M 151515 1616 I718 17 181918 I7 [7 17 1616 151312 12 12 1415 1820 24 28 28289
ZISI61617181920202121 197161617 17191919 1816154131313 1413 1312121314144 M IS I7171816161615161618 19171921 19252 61518 171616 16 17182221 2022 181621 2620 16 1519 32 2 4 2326332624 2825283632 31 3103426252520 1821 6677 7 62 3291916 172720 16 17 2320 1718 19 1820 53202302321 7 17171915 14 14 14 16 6 618 16 131212 13 15 61616 18 19202221 1918 18 18 I7 161515 I6 16 M 131213 14 1618202227 29
BAN1B181820212121 20 22222 0201919174132 [2I131313 131313 141516161515 161616161515161619202022 1920262429 27 19182021 1918192229 231920 282529 3126 18 17 182221 18 172021 22 24222| 262730 DR 35 2827 33286262522 19 193221 29252522 1921 523202025 53228191824 3122202027262529 181921 6141413 1M 41518 (61313 1312 13 15161516 17181919 18151313 M 1516 15151718 816 1515 618 18 182022426
BAB2N7ISMISI7IZITIEISI618212221 181615141212 1212131414 M 141313141617 17151515 141515141517 1821 32 32121 3155 B2 572 19 BHXR R AT T NBB24B26BI191819201919 17 1721 8B 007373028218 192282319 1821 21 17 161821 2229 28382029 362421 22 23 192029 312421 21 31252627 192 23 716154 1515 |5 18 161313131213 1515141416 1616 16 15 1412 1212 14 16 16 16 1718 19 1818 18 18202221 2226 3538
DOITMISRI21314141414161821 12 18161413121213 14141414 14131314 161616141414141415151618 19 B26 B2 221 MM 253826 262302220 282621 23 5 2BM 9 BT 31 SM R B0 0018190201 0RM 5303025252621 71619 326424262 17 15162 32272519 18 1920202 B2 BANBM 262503121 526 1913171561667 161312 4131315161414 1215151514 14131312 13 1617 17 7181818 18 7 16 171921 22 332221
161616 14I3121212 131415171921 4262319171514 MI5151414 1M 14131313 1415151514 14141 151615 1720 202226242221 20222634 2620 192629 2322 2829 2526 321 20 1818 32927 2621 26 3527 32220 18 194 0236262 2 2525222 252421 1921 036 3120 312022022 31 252 1 2421 202021 273729202 2126424 2318 1721 292325312220 1918 1919 |8 18 18 1413 1515 15 I7 7 151516 161515 1414 M 1414 14151718 19191919 18 7 16 16 182022 21 1817

140 - 1616161615MI31313 1416193272027 2320181818 18181817 1616151413 14151514 M M 4141415171817 18202021 32321212121 242319 1820262321 B3R 720 181920 181923252526 527 7 2823232321 21 M7 2936262221 2| 322 MBR M6 DD M2 25 3529257 BB2A 230297 2526 8282830 2826262519 16 1621 32021 2321 202021 2322202021 17 151720 1920 2018 181818 7161514141515 15 IS 16 719202019 18 17 17 182024 2422 19 17
16161616 161616 151515161822627 23191818 1819192020 191717 161414 161615 14 15 15151515 172021 191818 18 182021 21 2021 21 2022 2319 17182421 18192821 16 15 16 18 18 1919 192226 252634 26 B3 M0 20272620 828 2BB MR 57 5054 31X 0B R 28282821 B19BAF 221 MR 19192127 2925252927 1917 182019192020 1918 18 1922 2321 2021 21 17182426 232221 212121 1916151515 1515 151515 15 61818 7 17 1820262721 1918 17
BI7IEI?1BIBIBIBI7I7ITINN2220191818 19202122221 191817 161717 161616 1616 16 16 16 17202018 1717 16161821 220 19202021 220 18192320 17 172018 15 14 [ 6 1819 18 17 1926 2 0026 66 70 7 BN N X NN B B B BN M BR T DT 262626221 263622 1919234 19 I7 17171924226 2251918191918 1818191918 17 171920 [8 17 171918 1821 27 252221 21 2020 2019 17 16 1515 1515 1515 14 14 14 14 15 15 16 1721 282520 19 19 19
ammmmmzzammwwmmmmmaazazzamwnwwwwnwwsmuswwmwwwwswwmmwmmmazzzzawmmmmnws#aamawaaamaaa&ammazazzaa&5%5225532%&5&35&25882&8&wnmmasmwzwmawmmmmmmwwwmwwswnnmmmwmmwmwwssmmmmwwwwmwwwwmazaazaz
222221212120 201918 18181818 181921 2232322120 1817 1616161616 171717 161514 M 1415 1617 16 16 17 16 1414 16 18 17 17 18202021 232221 21 232420 18 1921 22 19 181922 26 28303334 3029 25302629 2824263229 27 26 24 24 2627 3034 3282526303730 2524 27 34 26 25 28 2826 252629 BT 220 1920 23242221 27 2821 20232421 191919 1918 17 6 16 1618 [T 16151617 1717181919 181919 (7 161514 14 14 1516 1617 18 18 192021 2 B33 54221 21 2 B33
181818181818 18171716161616161616182020 42221 1918177181818 1718181716154 M 141515I51516161514 14161818 171719202019 1918202242220 1921 3232220 191921 BH T BT BBV BT RI AT 42631 2867 3B RHB BB I BN BB BB 252627 27252321 20202020 19 1821 2622 1920232521 191919 1919 1817161719 (9 17 1617 181716 (6 1718 18191918 17151413 141516 17 181922 2528 3134 2202421 20 191919 18 18

MIS1616161616151S151616 1717181921 232525232120 1919181819 191818181817 161515141515 151515151616 1516 17 18 18 17 17182020 18 18 1820 21 21 20 202021 2121 222321 1817 1823292920 3129 2B RA R 52333830 2833 31 2524 B8R0 B2B6 26260 B R 312724 B3 M2 3338027 26262421 1817 1719252120 1920 232321 1919192021 21 20 19 1921
516161718 1717161616 17 18 192021 3257 BT N2 222 2222212120191818 17 171717 16161616 17 1818 1717 1819 19 18 18 182020 1918 182020202021 323 B 2222221 02021 M 26729 D N00 00 IR BT 27 3T DT 7253222121 BB N HRL 25587 B BT DA M9 1717 1821 251921 2021 312019192 BU 32122
1718181818181818 192021 22 31 252626262625252627 72727 72726252321 20202021 1919181818 1919 1919 18 17182021 21 2020202020 18 1818 18202 MM 2 2 22121 00 R BT 26X BBR BB XM BB BN MM BT 0B 29 523212020 2327 282625262525 28 312926 2527 35022 19 19 1922 26 826 M B BN 6252 2222 2528282623 M 26
2210191919190 22222 3142322121 21 232527 0333333 31 2825232222 232221 2121 21 21 21 2121 20201921 2326242221 212221 19 18182022 24 2321 20 202020202021 24 26 2523 2326 3029 26 26 2829 282727 2828303029 30 3337 31 2827 26 252527 31 2724 23 25 28 28 2826 2524 25 283029 26 26 26 27 3033 3836 31 2827 282827 MM 52926026 MM 25
B2119181818 1920212221 2120 202019 19 192021 2327 313 BHBHN B BRIN BB XM BBMN B BB B BB XX B BT NS5 BR2BUNBBMBBBMMMIBB5BBTBMNMNBIBINBNFTHRRRANRRBRI230 2827 2820 2826 25252552527 32 25221 2021 22 426 28 R R 27 3123 35 B 312825 23325303 0 262626
211918181818181919191919 1919191919 19192021 22 232426 283034 37 36 353330 282652526 2831 BB BN 313029 28282826 5MM 262932 3129 280 R 5363330 28282929 20292029 1B 312826262726 5M MM 26 28307 232 313030292927 5M 2324252627 30 35282321 202021 M 26262525627 DRHA BIA T XM 221 2 B32627 272626256
1918181818181 171747 171717 1717 1718 1818 192021 2 32627 0B IIHAA BN B 62627 828D 3IRBBR R R R 313030303033 33 312930 3132 312927 2626 2526 2829 31 234 353329 28283034 31282626 25252526 28292929 282828 28282820 3034 384 3129 BB M BN BN BR BT 2626 8029 0DNNRBB MR 2 B M 5555402

21202020 181616 161717181818 1716141414 161819202 24272726254252420 18171615 4
20222t201918181818 18181818 17161616 171921 2324252627 282828282827 421 1817151414
192120 1919202021 222091818 1817 7 16 171921 232526 2831 3537 38A BAA N B0 19 1817
22211919192020202021 201919191818 18 181921 23252626 282930 RNV VNJW U7 533
MBRRP222121 202020202020 2020 202121 2224 2525252525526 262627 282929 2827 524
BEMNBBBBRRRRRRR2BNNNBT BABUNBRRR2R2BBAB249 32
BMBRR2A212121 R BNB552626262625560 BT BN BBBBBIRR221 200

Pattern measurement frequency: 2.8 GHz

Model scale: 1/20

21201919191818 1817 1718181818 1818181818 1920222224252627 282829 282827 26254 MM 420 M 52627 B89 0RA3B36A R 31 310000 3536364 3NVTB65556T BNIIRVRATBIBBIRBARIFARIIIBA BT AT IT T T X667 BNBBOBL T HNNVBU76655MM507 T BBTT6672625832212120201919202021 2223230424 252627 803020 BT 62543 32322222|
BSB2201918181318181819192020202121 A2 32BN M MN BN AN N9 NN M 252626272727 28280202029 3123230292929 29283022 35383837 353129 2827 27 2727 2627 28282020 3127 2227 3029 287 7 27 282830 31 31 3N 31 NP R FTB367 37 B33 N0 BB/B BT AT X7 BHBEBBNB BRI B BNMBUST BIDNINNVPNI T RNBBBIRLRRRRR2R2R2RBB56B9031098BB7726262626266
BN 232221212121 202020202020202020202121 21 22221 212121 222 324262829 R B363634 R 3131313326388 B BUNBPBFTA BRI 002887277272 BRABTHNIVT BRRIIJINRBABIDBBBT AT T T 6555566550040 4 5070V 3D BT 6M323B32424252552555MMBBR 2242121212122 23232323242424242527 29 313123232 313030303000 X7 272626 Remarks:
N BBANNMBR222121202020202020202020202020202020 20202021 21 22324262627 283032 32 31302929 2828282929 30 3132 23 3638383736 353637 28387 A BT BBBBEBE6XTNVNVRBRBBRINNIBA AT N B SNANNNBBRRRRBBRR2RRRRBRR2BBBBN BBINININND BT AT THB50BB32221212121202020202020202! 2 2342526272930 3133363773624 0030 BB27262625 Pattern maximum = 2 dB hich
Q2332221212121 2120 202020202121 21 21 AR BABNNNNBAH62626262627 BXNDN9 0000090 IINANT BT THHAR NN BT BBNBRR222A2ARRBNNB6266BBNARBRR IINNND007 THBBBBSUNMMANBBEBESBBBTTATT XA AN BINNIRRBRINBRNBES5NNBBRRR2RLBBUAXSBH6T 8BONNN BT X AB55555 , WhicC
212121212221 2121 2120 20191919 19202020 202021 212l R R BB B BB BU UM BB 6 BV NV BUUBBUBRIV LI BAUBBRUAUN BRI 3 3131302920 2828282827 9292929292929 2828293020 312020 8B B BBV W RBHA TR R 3129888282020 0300 IR BHA B3NN B262655MMMMMA25252627 8288802029000 3N0B20 BB XX A XN AT NT 655480 2333222121 212 N corresponds to peak antenna
2A2AAA22222212020202021 212 222 BB BBBBBBBBUMNB6280RHA H53638383BPVBH RN R 5353636 BT 738D 76 W/T I AR R 3 31313130303029 BBT 7 M BBB 6666556660 N T T TN BB NIRANABBHA BB H BB BT VI BBR NI BB I XXX N666676N 07 BBVNDIRBBRIRR3IN0009928288BBB6 SN M09B322222121 directivity of 4.5 dB with resgect
Bottom_2424242424242424I98823232424242423232424526265£55526Z283033363837363634343536363634345333223334343434 B53636BITITTBIBABBR N9 BBBY XA B6655N X 9 RUNUABBBRRBBBRRRRRR22BAXRBHBT BN IRBABEBANARRIIBNANDRRRARTEBRAAUNBRBAABBRAININBIBBB BB R 3000872662627 272727 2626262655255 1 A lar i
. BBBBXBXM MM NNB56666607 7 BINTRRRBABBARO BRI XX 899000 BBPIVSBBETAABRIBND NZ NI T B66667266655MNB5UNNNBBBBRBBRRRRRRR2RNRR2R2BB242526282930 313132130302930320303020203030003IRBRBRR 3IRN33IBZ3 5333435273088293030303823233323\3030292928%828282828?8272727262625262626 0 a circular isotrope.
| O i ! 1 | 1 R o 1 ) . I ] 1 ' i M [
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
¢, deg ’
Figure|80.—VHF Crossed-Loop Antenna Radiation Distribution Plot, Circular Cross Polarization 107
SO TRAME -\ : OTDOUT FRAME -7

FOLDOUT FRAMY -\~




PRECEDING PAGE BLANK NOT FILMED

N

‘Nose Left wing Tail e Right wing Nose
TOP 0y 4444444444444 4844444444444444444444444440 444444444 44449444444 44444444444 44444444444444494444434444444444444444044444944444544494444434444444444434944944444944444444444444444444444
444444444444 44444444444433333444444444044044444444444444443333333333333333333333444444444444335333333333333333333333333444444449444444333333333333333333444444444444444449444449444344
$35585585588558588544444444433333333333333333333333333333353333333333333338549444444444444944444444444444444444333333353333333333333535344443333333333333333344944444444944444444494494444444
494444444443 24444444444444438333333353333333333333333333333333444444444443333335353333333334444444444444444444493333333333333334444444444494333354408444444444444444444444333333344444
444444444 44444443333333333333333333335333333333333353333353353533444444443333333333333533335533333334444444444444444444444443333344444440440444444424044555444444444444444444444444449444
44444444449 44494443333333333333333333333333333333332223333333333333333333333444433333333333333344444444444333333333444444444444444455544444444455555584444444449449444449444494494444444
‘444444444 4444444443433333333333333333333335333333333353353333333333333533333333333333333333333333333344444444433333334444555449402444554444494555555544444444944444444444333333333444
44444444844443333333333334333333333444333333344443333334444333333333333333333333333353333333333333333333333333333333338334444440444444444444444455554444434444444444444444944444444439444
4444444444448 4444435333334 444333344444443444444333344444333333433333544444433333333333333338333333333533333323333353333444444443444455444444404442444444444444444444444444444424443491
)0 -44444444444443334444433333333444333444444444444433334443333353533535354144444435533333222353353533333333333335333333444444444455544444444444444943335344444444444424444444444444444444
444444449444 4433333333333333333444333444443338444335340444337484433333333333353344444333333333333333333333333333333444555544415555544444443333448433334444333444444449444444444444444944
4444444444433333333333333333333333333333333333333335444444444444444444333353334444334333533333333335333333333333354444494455555445555444444433334413333444335334449443334444494444444944949444
4464444444333333333333333333443333333333333333353444448544455555558544444444444433333353333333333333533444444333335455554445585445554433442434444133444443344444433334444444449444444444
4444444 443333333344333333333333333333353353353334 444444444444 4445444444458554484444444444433333354433534445544433344555554455854448443345444455548 4004444404044 4444444444404444434444444
A A 4444440440434 4443333333333 33533334 4333444440430 444444554584 404444404 4445555574 4044444840384 42444344554 4449585555558 5855444454444555555658555554045544444444444354444494444444444
4444433444444 4943333333333333853333344A44444444444444444 455555558584 4444444485585 8584 4244444044 4447555545555444455555588 8585884445557 565555665855555544554449444444444458844444444444944
55544»44333333444444333333333444444444444455‘4444444444444544435554444455444444445555544555555555555555555554‘444556555556544444!45655858556855 8665555854448 43489844555444444444444944
4044444443444 94448 4484444440484 0404458544484 44744334433348433445444444444444444484385555585856666555558555585555444445665555665444444555556665665555666555535455404444484444494449444949449444
440440444444 44844344884384444444583448445854444334433343333433344433444333333444444444555558555565555566655544244944555555555844344855555566666655556668668555855555455844444555855444444444
40_55554444444444444444444444!55555555444554444333433‘4133443344434444333!33333333444444445555536555555555558544334455444444443344544555555555655_56866668555555555554‘45555‘4444444‘444
EE S8 5444448444844 4448 49449848850 4555544444444434433454344333443344433344333333444444555555855566665555554445544333444444433333445445445885555555585558585856655655585555554445443445554444494585
ESE8554 4444440 48444448 424585885444 454444444444448444443344334843334433444433344444444548584555556665556655494444433333333443333344944544558884855555855555566555555585555444488555444494445
5555 5444445585588 4445555588538 85544444444444844443444344444843334334424334454333344444444558555553444555544433333433348443333345544543444454444 3445555855855 555555585554485355855444494444
5554444444‘555544414555555555555444‘4.44444444444344414‘44554‘415445544!4‘4‘3344444445555555555555443‘!4444433334554445544455‘5544544443444414’54445555555555555565555555555544444445
S5 B4444444455S55 5555588 8548544444444 4444444444444 4555555556685666666555544445554433449845485855555544442333444444555556885458656755654553444444444445555555666655666555555555554444455
B554 2404440558558 5 58548044404 04444454448 444444 445556556666656666666666555566544444444544443333344448554444444584456655654467 557656645544 433440448455555556668655556666555555554444944
555544‘4555555555555555554444444144454444414444455566558567_6587636777778677765556666566544433333_344445555654457755576567658765775675585554344 4488588555885 6666655566665558565554494444
S5 88551 85555585585 58555585SS85855445585548444445584844555656656767 765665677 777877777888 9988766€6558554544454445666777657996688656766077886675676565445 5858555585855 6666686556676855555566558585855885
55555555555555555555555%555545555544444455555555656676677677557555776678777789n|l|087776655554555555855677766898767“3766875676577789767656665666}55555555555568666558776666555666555555
60_55555555555555558555555555545554454455455555866863876887876}575‘67556865578887777777776655444445556867788778876573657755665556788776567677776,566555555555665656668677776666866555555
5555555555555555555555535555555555545545556686668867677666555645765555435688555789989987765555555567687898766685676558546G5568667777666677777577566666536666667665667777656666555555
55555555555555555555555556655555565‘5555666686666686686556556545654565434544446777777777677777776877666777765565558555445655586555675665677731777666666666656677766667777665677655555
5555555555555555555555886666666666655856666677665566665555555431544554‘4443335565444446687999'098887766656666555555544543555366666556867667777]788777677776677778768667777766866655555
355554444555555555555556666665665655666676667766556555556555543454455444553345543333446577888888887753555556555‘45544443455556756556687667777778857777778677788776677777776666555555
555555444555555555555566665766866676666776766666586558557555544565586586665455533334456777776688776776555635554445683654565666767658557687777[788377!8087777178773777778776653655555
55655555555555555586556666866667867667777666666658655658‘7656668787788767888677544445678887766555555776445665555856778976876GG6777766656767777677788888!88888888777777788776868656655
GGGG655555555556556685666666867766’77777666666655665666676687799"'09""989"98899755566788777666555445676445875456653998'098897777777777666737777!;77788898888888888877777777776866776666
66T7766685586666666666667 8666667772777V T76Y 7T 6766656656666 7 789901 NRNORNIORBIOSINRITTITTTICST?ET T TP T7T658544457 754567685677 789908998808F 777 77777766778778 ?YTT73899898898883888888888827266:°777777
777777686_66666665666666776666777778777787766658766656687389|°9950|0|099"8!‘913598'0!4!4"9888988766777776544557865,5'3"7'7679988897888899888777777!77778778 8877389889910998877889888887 72727 °0?7°0°777
80_77777777766666666867777776677777778778776668636766658778999‘099989778768""98|0|4|31”099|°ll|°9877777817544456875467878!0'098887777798889877777877878778 8878899888I010/010988889998888777788887777
7777777778666677667777777777777777877786665677775866777899"09887777766,79988"!4"9999"2""’38888998654556996568888|0998777G77788789877677777773778 83738899988I01010109989991099998777883887777
77T IYITII I IT T TII T I T YT YT YT BIT TN YT TGV E6TTYIVIITGETVISEBOI0I09109 7 PTTITYITE6S68TLUBIOSBIIRIBBRNNOSISSI98T755557996879109I01110998887 7778878998777 7788878878 883889998901 11109989991099101098883889987777
77788888888 77777 7778877888882 88 2 Y7 7777777877276 T78799910000097 77277866678 78102988 8I0IIIZMBRRINIOIIISTESESETI09657910001110009888 7877787899987 77788878879388889999889I010(110109109999910100989999987777
888999909888 77777778888 788809873888 77227 777878 7787898 9981111000978888997 7778780119777 90R213BI3MUIERNINIOIOGTEE6TINOSTINIOONINNINGO098998898910109988883889889899898809999991010100012111111109991010009999999877838
0, deg 9999909090990888888899288780991088 883887 7888288887 898910900 1RRNIIOISN0IIISSEE88890098F7289NRIBMUIGISIBBENNIOIZETTEI0NI0SSORINININININIOINISNISE999I0(110099982899i1099989999999999990ICI0NININIRI2IIOIOIONINIINGIIF9935888
’ 999 91010/00I0I00 9999883899988 999I00988888288289888898898I0I09NNURIBRININIOIOINIONRZIIIIESIINISE ISOREMIGIEISISESNIISSSL IORRIOIINBRIZRINNRUIRIIIERIIIGIIO O[NNI S99109910910i999 900910010910 9I0I0RRRIZRINIII0[IR21212I00I099998888
9101010 I 1NIOI0I0I0 999988 99610989999100988399888 99899998809 1OIMRIBMBINMNTINNIZIRIZINC0ISEI0III0IIIIINIZIKIGISIERIFSBERIOIINIBUBIIC0EBMMURRRZRIZIBIBREB M2 1NN HR2IIN01010 1110 91010 11111010 9101010101011 810 SI0IORSISMIS IO N I2R2111010109999999
0 1IN ITIOICI00 999 9910I0I010I099999I0109899999999999891099HIOBINRRMISEEBEIZRRRRIZRKISMRNNI 011111099109 9N2I3I5TIBHIEMMRINOICRISMBRINNMIEIEIEERBBIZR2IZMR2EMMNIIITTRITIR N0 H0111 9100 1{Hi00101010 91011111010 9100 IRRIBBRURRRIBIBIZRH0I09999999
WAL RRE2 1111011 IO 11 1110100 I0I01010I0H0I010 S1010 999999399 910910 9610 SVRIBRINRIZMUITZIEMMIZBIZIZRIZEMIGIZERRR NI BERIO0NCOONBUTZEMTIEERRMISISSERRMITIRR MAUBERIZEISHIEISEERRERIBIRRIRIRROINURIINIINOONZIN000RRRERRIRRISIZIZMAIERI0SI 90000
mo_nBBQBBBEnnnnnnnnwnuunnnnm99mmw9999999mmm99msnmuBnBunannwwunnanBMwmunMBnnnnMMBumunwunmsnssmmuBusnmnusssuwwMBHRBBanwEMBmEHBnﬁwennnnnnnnmnumn WHNIIIOI0 I ZRRIIOORZRRRIZEZRIRIBBEIEZRN099990NINI
BEMUMMMEIEER2EE 201112121111 111010 1110 1010101010101010101010 101010 R 112 311 31 1113 MISIGIE M2 MMMBIEMUIST BT URBEEERIZMMRIRINREMISIEFIEZIBIBMEKIEITINISISMIEBIEIENATRUISEETOBMEBEIMEMKEERRRINRRERINIRNIRRZROORABENNIITRINNIRBMMUISMAMIBINI0GIIIIIIRER
 BEMHMISISMMIZREZIEEEIER IR 1011 111010101010101010101010101010 11 1113 212 311 32 113 MI81313 M I5 1514 133 1617181581972 B13 15413 MM 5531312 11 2131315161818 M 71SMIZ13 1516161510 13 M (6151671871916 MISMIBIEISTIET 71632 MISBERNRNUNHBRRRIRINRZRRINTMMMBNIRRININRISUIEISISMERI099990NRE
A4 1516 16 166 1615 14 1313 14 14 14 M 312 11 11 R2 02 63 M 13 11 11 1111 11 1110101010 1010 1§ 41 11 10 1 213 111213 11 131312 M 1516151517 16 1515 M 3 M 1813 14 16 1 19711 M 1516 151515151515 15132 2 1313151857 18I M4 1415167 7 151616157 71616 71619 7161615131511 1818161616132 MISISMBUBNRNIBREBNRNIBRERIRMISISMBBBEIERIRIRBMISISISISRINI0 9 900N HM
15151617 141513 1415 M 13 13 14 1414 M 131312 11 1 E213 MI352 11001 M2 110 1110 111 1111 11 213133 MR R ISR MMM 51516151919 131614 1414151618711 M 1521 S 1617151617 1515151616 M 1313 1 MI5 717 7712 1615 151617 71601871617 MIB 1220 5173 1631616161611 1632 MI7IGISBR MR 112134 MR(BRRIZI3EERIBISISSIEUMMMMRRISIZMISTZIZIEISN0000MITIIIIEMY
16171818 18181516151 M4 M 151515151311 11 112 14 14 141321212212 11 111110 1111 1121213 41515 14112 M13 151514151516 15 1 17 11 112 151517 191810 15181916 7147 16 713 M4 151517 (6 M4 I5I515I6 7 IS0 715315 MISI71818 1818713 ISR 167718 IBIG7IBIGI7ISISMI2 MISISTER2 I533R112RMISMMBRMUIBEMIBBISICISIEISMISISISISRIZAMIGIBIEMILTIOOITITIIITNGM
79022 RITISEEMISISISEEMBEIIREMMIBEREERISITRREMISISISMIEMRIE15MISISISIE15 77721 1917 16151313 17171311 18181810 11 16187 7T 771611 141617 1815K21816191615M MM I6M IR 191510 11159 161820181314 811169 9137 I5ISI3 160 ISISBR2ISISISISRRR23MMISISMISISMMISMISICICIEIEISIEIBIEISIBBEROPRIBNO0ININNRIZRMAIS
PUIBIBHTIEMBREMEISEIEMENNREMUISISEEREEEERINIREISEIEEISSMEMBEMITISIERITIBITOTEOIIESSHONBISI0 810 951 MTIETOTITTISISTIE0IZ9 820181671177 MISI00 91814 816181916 91011182018201718181818ISI6I6H 18716161313 16I5I6M 1331313 M MMISMISIEMISI3I3ISISISISIEISISIEIEISKMTITIZI G TURINITINIREE A
P70 ERUBUREEMMISTEEEERITREMGIESMERERE B MISIEIEISMMIEMIZISMISRZITEMIIGEIE0 6153707810410 8 71318181879 TISTIBIBR2 013181818 7137 FDINIBIENISIRIONDPSBDI9MIZTIBRIZIZDIBI0R2187IBI7IBI57IBIBNIERISBIBIEISIEIEHMMMMMMMISHIETISISISMISIEIESISISISIEEEMMIBRRISTISRIBIBERIIRZIZMIIST
. HBIBEOBOTEEEMIETIO IR IR EEETFISERERRERRMISISIEISISMMISISMIGISIE0 MI7IERIOI8ISIERITIN072120 718151 IST7914M418151611 18121612 111710 157101012 1519616 M I9 17 761612 7 718201920 2519510 11 (714121814 SR 71315161613 IS 7 15ISIS M MIGISI616 15141615 M MIS MM IE7ISMMMISI5IEISI618 777 1716151671818 7187 ISBR2UITIRIBMUIEN
120 ~2B22DBUMUBRRMUIEIGI IEI5ERISEUBIGIEMISEEMMBMISISISISISMMMIEISIEIEER DB BIGISISBEREBISHMITMUEISTISISUERISETIBIERIBIOMIBISISRIIIIBIBIEMIENINASABISIERIBINGIBREMIINIEBIENISO MITIBR 1910 BISIGISITISISISISIET ML BIEMBEITISISMIMISIEIEBISISISIOIER B21616716I6161812 521211121213 141618
BA22 7ISUBRRBISZI0 81 1811131313(3 151615 M 1313 14 M M4 M 4(515M 151514 M4 1516718 (6 181815 I7IS1616 161718 718191918 13 M I718 17 7 1416 18 18202222 252321 20207 I8 M7 IS 17817 181812 14 1716181818 1916 17 M4 1513 14201619 7161513 1919161313 19181818 1619 13 1513 141516151616 161616 1516 171515151313 13 M IS ISM M ISIG IS 7T 16161816 1515161616151616 171821 016 M 131314 1415161618
1BIB IO IS MIZ I3 MISIE 718721 20 [715 14 113 13 151615 15 14 14 M 1515 15 M 1515 14 1515 1415 16 1518 1914 17 17 (3 (5 M 191615 171519 1412 12 1418 1815 11 16181812 (3181918 M 13 61313 161818 71313 181516153 182015133 MI1BI6B M7 MIBR I MR MISISTIBRBZIBTMUISISI3 BRI MRIZISIGISISIS 17411 ISR (616153134 MISISUMMIGIERTIIISEIBIBISISMISIIEITIBRIBR MMISISEITIBNIEN
BEISISISI5HMMISITIIBISI2 16161615 M 1313 MISI615I5 M 14151515 41414 1415 16 16 15 16 18 13202020 17 16 17 16 17 18 15 15 17 13 1920 2521 2324 19 [7 18 252520 19 255521 21 2321 21 202021 221 18 W17 17 1618 2521 5262 ZBBBB 771618 1522419 16 1520 5252622 18 7202420 19 1920221 192 B9 7161821 1877 6171817 71513 M 151516151514 M (SISIEITI7 181812 1913181712 ISITIGI0 1813 713 711 1817161719 19 18
EUIEISHMIZIEUIEITIOTEMIGISISISIS M16M 1571715 15151515 141415161718 1616 7 7 MI312 1618 151616 16 M 1717 M7 (718 18 19252523 19201815 18 17 (6N O BR 2 BRI3R S18I913 71818 712 1820(8 14 M 1313 14131917 M ISI8IS 15151815 16171916 M 1619 161312 M 517181818 191819 181719151615 M 151516 1516151515 1GM M 15MISI61SI5 161G 16161617 IS TMISISI3MIS SIS MIAIEIBI9MIBITIBIZ IBR21S1718
IS5 1414141157161 713 6151541313 (518 M 1316 M IS 15161616 1516 7 14181813 1513 31613 19153 15 1717 18 182017 1821 191820 2523 1920 8 151519 6151815 M 9 M 1719 71519 1513 1312 1918161613 171716 M IS 6 M 1613 1B 13 1813 1613 181919181916 19191617 191616 MISISIG M 7181516 MM ISIBIGIGISMIOIS 51616161 1614151516 15151515157 ISIS1518 M MISI7I7R2ISMMMISISISIEITR 7151518130119 161
MI7ISISI5 141151616 110141419 151613 M IE3 1915157 1515 1711 151616 152 (3 11 191413131813 MIBI7 71613 M 19191813 1813213 1319 16 1615 11 162014191812 (518201613 1 MI2 121312 16 1514320201918 1513 13 161312 1912 11 1820 181817 14 11 191818 1SI3 191812 191513 19 M 1518132011 181513 MI7I7 151813 15151812 1517 71515151612 M 151515 IS IS 18R 19197 ISI7MISI9ISI3MMISISISIE13 GR DR DU ITISIEIS 19
1518141615 1516 7 16 M 1812 1911 2013 3 1518 6172 17 (515 M 517 712 13 18 M 13320 MR 12 1618 1512 1812 151912 1913 S 1812 191312 191313181813 712 171913 2 1318 1612 16191819 19 1713 11 16182013 12 1619 1913 11 16202013 13 620 1611 IZ 19 1712 619 1712 7 1912 7 1913 619 (3 142012 181816 M7 D12 20 16 42012 1812 912 I8 17 T 151516161711 1515151516 17181818 7 77 5161818 177 7 I7 17 7 18151615 1613 19 (7 2020 2021
1313181816154 M M2 1713 (6 751771818 17161616 1616151515 17 151616 16 151618 19 M 1413 13 1313 1419 13 13 1320 18 16 13 19 19 17 18 1818 6 16 17 M 16 15 612 312 16 (720 1S I5 16 IS 1613 13 16191413 191812 |5 720 1913 1413 4 1520151918 11 420913 1519 7132019 11 162013 191619 16 15 M 151519 18161515 MM 19161513 71518181817 [P 15151615 16161615 1516161818177 M 313 61618 4131313181818 P17 16 151920181917 18 M 1916
Z19MIBIOR 181712 1912 1912 1913 (7 16 1648 1513 14 18 1613 M 1616 IT12 M 16151516 14 1711 1518 M 13 M I6I2 19151518 1913 1 7 1913 13 72 18 1921812 318181 1619 1B 15181619 7 1719 1316 418 7 18167 (716 16183 N BBR2 B BB BB BXEB2 BEENMR2 22121 022521 24201818 1920131821 SISI3 1519161541313 MIFI7 7151616151516 711 DI IS5 IETITBISOMMIBISBRTBIVIEEVISIBRE2I5
40_zzzzammsmnmnnﬂﬂwﬂEmnwmwsmmﬁwwwusvwnnsﬂmsnwswasaammmsxasssaaazasmmmm5332229nmwmaazssmassxmsxmazzmmssmszmaaamzaammnmwmaammmmmﬂwwnmmzmmmwwmuan 7IIGIEIGIEIEIMIZIZZISIBITIZIOGIOINIGIOIBI7IBISIB 181919 1921212121 23242627 24
1 aaznnnmsnnmnnﬂwmswnnnwnwmammmmmmmﬂwnmMwnmmzmzaazmaazsmazmzmmzzzammmmaammaamBnmmaammzmmzzsszsmzzzsammzzmaamzmnmumwsmnswaEmmwmwnmsummnnwﬂnnnmnﬁuunnsﬂmwﬂmnnsmwMmmnmmwnwwmmmmmmsmwmwwmm
RIS I7IEITI87I6MIBI7ISISIS15 17713 19161619 1919181818 I618 17 1613 1615181313 161813 19151018 10 17 M 713 18 151513 16 161818 14 19 718201518 4 1619 1915131919 7 4 4 M 719181617 181515 1613 D20 915180 181919 IZI7 191719 151919201818 181613 16171513 (513 5182019161514 MM M MIZI3 13 171817 171414 M 1615515161818 717191918 7ISMIGIBI7 1817 IBI3 1920197 1514 M I7I7 18131914 1414
1516161516 171515 71918 1815 1916191919 1520 19 16 14 14 1515 14 13 613 18 18 18 13 17 71516 18 19 16 4 {718 16 192021 19 19 1720 16 1721 2221 21 2221 22 520 10 9N 222 22221 2221 2221 2224 25 25252420 22 226 24 M M MM 25526 2626 5251 B26B BN L 2 BM 55522 BB B BT 5977 IGMISISMIGINNISIBIBIBISBMIZIEIGIGIBIIBIEIETTI7IBISISOIBISTIBTISITMI ISR I515DIBI616209181819M 1713
1616161616 17 1614 17 161813 1619 M M I7 713 (718 15142019 151518 1914 15 14 1719 516 1718 18 16 16 1617 17 1612 14 1513 16 17 1919 1520 16 77 19 16 M 14 M 7 19I5 14 (8 18 M B 1618 161818 19181821 202020 1918 M 17 19 1620 1620018 9 7 7181511 1818 191513 14 IS0 19 17 1912 72 1716 17 1815 15181616 7 1619 71817 1817 1816161818 7 15167 P I§M I3 I MISI6IS I IBIBISISI2 MI9I51ISISISIBIBMIGIS 7161518 7201813161517 19 17
BIETI7IBI57I7IBISISI518I7 1871515181815 71913200 73181917 1919171615 161615 151616 (6 71818 715 M4 4 718 1713 16 16 15 14 17 7 17 [713 132018 {77 MD I8 18 1720 7 1618 17 M 191518 1518 719 1820 1812201818 19196 M 15 M 1B 1913 71813 171614 (572D 16 920 19 761916131318 7 17 1418 1718201921 191999 1816 16ISIT 16161718 7181818187 76161818 191818 1817 717 17 718 16 19 1822 4 252626 25255220 19 19
181715151919 18 7202019 1817 71921 1918 718181918 19191818 1919131318 1919 19 19 19 1S 718 17151513 14 191819 I7 17 1619 19 7202016 4 5 15 M 17 18 18 1920 19 1920 1 (72021 25M 22525 25732 22 24 25 526 266 267 2526 SBN BB M BB N BB NN M2A 2NN B2 22M 220919191818 718191617 181318 19202021 D77 7 7717181820187 7181918191818 1919191817 1818 7 17 I7 17 1820 1921 22 234 2524 25 25422 21 20
AWBNA22AD B0 BHALBBR2R BBRBRALBLANRBBBAN22ANDISOIBIBI87I7B191813 7182015713 M 1820201917 18162019 B13 18 191613 141820 1912 1719 18 1821 25255252626 52BN BM BN M 55N 22121 22 M MN221 2 BN 5232121 (52013 19 7B V1131915191572 421 MI615181§ ISM2DIS 993D M ST IBDBB7MBISIBIISORDTIZIIBMIGUILIS2BXIE
»2mwmwusumﬂmsmnmnmsaBmwumsnﬂsmwmnsnumsmnmnnmBﬂmmeMmsunHwnswwEBwBBmwﬁgusBmnmazsmmsssszmxsmzsssazzszsasmzmaammzaammzzmmammﬁmmBmmwmnmwnnzzewsﬂ 152013 18 18 M20 M20 152018 I720 M 1818 18 18 15 1913 17 16 16 14 172022 22 23 2526 25 2526 26 2421 .
16161613 16 15 1619 14 1616 16 19 14 19 13 1913 18 12022 2526 25.21 2524 2525 2526 2 256 26 26 26 4 254 25 25 522 2323 5242221 11 2020 15 M20 1820 19 1821 2321 20 1420 162002020 19 141516 M 16 15 18 17 15 18 18 17 1721 25 25 252525 25 2527 25 25265 2524 19.24 25,04 232 2 2 M 2420 53 52525 5 M2 2 32 252421 18 0 W SN2 22 BBM2 222 3522121 221 2 3221 221 BB I18 MDD BI6BAN SN ANBB5555255520 50252020 707 airplane .
60_@ﬂmmmamnanmwnanmnmwﬂwwzzzsmmmaamxmmzzaszssmmmszmmmszamammzzmmmzzaaza&masmmzmaazamzsmamsamzszssz55smszzmmmmaaaammassmazmsszzazmmmmzzamazzx55 2RB2BR2 BN22 2 1818 BNDDNNBNBBB55BMAN2221212120191818 Pattern measurement frequency: 2.8 GH
1 22421 3222221 21 20 D220 19 1620202020 192021 21 322 3321 7324 26 26 2527 27 2526 2626 25,25 27 26 26 24 25 2526 26 2526 265 25 25 2526 26 244 23 M B2 7323252524 2373 233 7324 2506 27 2523 23 7322 M 25 752526 2526 25 2526 25 2525 252526 25 252525 26 2525 25 25 2526 55 5526 2525 25,2526 26 2627 26 626 NN 55 5B BX NN 5 BB RSB B BN BBAN BM BN N N B2A20 01619 001621 BSSS5SBN222RANN0NA 2L 101 coale: 1/20

BEBBBBSB33ANBBRADWBVIBOI012 BaaﬂZE3853555&5583%3582&52818355833582525355853158252524883885533585888555588555525255265585583826852525555524388262626
BBRBBXBNANBBMBRR2221 1918161717 1718191919191918 192 BN B BNM M B BNB656265T B BT B BB B6666 XM MBBBR BUBBB 5255565266 6266662555645NBBN40525262625262626252626262626 565555256560 6B544055
BRBUBBBBBBBL2242202018171315201918M19 172021 223350 56265256265262525256 66T 566606555551 BBBBBABBBTBH666666666T66655B3BBBLRBBNBEB6S55B68T 6050 56555625066666B56BNNNN0MNNNNI9B35
RRRRRRR21 3222121222121212121 221212121 212121 2R 2 BR B3R BB XM N N2 AR 22 2323242452426552626526265532526525265525?62652526262626272627262626252526262652624552524 BMBBBB556262525666655MNBM 5556556555555 054M2221 33
BRRRRRBNBBBRRRBARBBRRBBBARBBBRIRRR2BNARRR2NBUMMNB5625566272662656262626252625256265 515272626527 BB56625%62525526255262626262626255654M25252626262526262662552556M 565NN 512525525 2565801MM232
BN B BN BBEBBB6625525625%652526262525565MM BN BB NBNB 558565657 567665 BNNNNSNBBBBR2NARRRBBR BBNMNANNB 555505550 MMM556M5525552662562526262652626665666555BBNB5900500252555544
N BN BB55262626252627 7 262526262525252526265M BB M 526252526 5625565 BMNMBMBBBUNBUBUBNMNNNNSNBBUNBBBBBURBBBNRBRBRAR22BARRAAAARRAARR2RBRBRANNBNB55555655554051 52451 52525252552542525
MM BN NBEBB55B5556B6667 556656655 6B6625555550N5850B5NMNNS5NS5B565685T566676S5565LBNNNNBNNBBX65585NB3BBRBRBBA0BNNNAX BN ANBEE BB BNEBEBBB5MB5555556M525555665566252%
Bottom __I232424242452524245[265255263%2726527262623252726262726262752653262526I5262626526527265]252653524526525|53524 3382423212382 2322 2325232323]2424242424242324232|2324245242424 232423|242524524245242424|242424324 5255253[2268255242424524|52424242424242424

0 20 40 60 80 100 120 1;40 160 180 200 220 240 260

9. deg Figur

FOLDOUT FRAME 4 | FOLDOUT FRAME \_

BHSBEMNESABRBRRB LR BABASARB B R2ARNAANBBRBBNBBBLBBRBARBABB DR
6BBMBBMBBMNNBBEBMNMANBB565MABB2212121 002 R2A RV BAAIINBBN555

%

24$2424245245252424252655262635552652526332652323‘24242424524525245

280

MNBBBBABAMBRABR201920212019132121 212222222 B0 BANANAA
RRRRDPRRN VA BL2A2A221222121212A 2R R BBR2ABRROBRRBMAB
BRRR2 2222020202222 B3RRBRBRRRRR2RBBBRRARZRZ IR
BRUNBBBBBBBRABBBRBIBUNBBUNNBRBIBBRRBBBBBL BN
UBBUNBBANNBNBYB2A BB BABNUNBBNSR NN BRARBRBANS2A
BBTT BN N EBB6255555565055NM555NBNBBABBBABS

Remarks:

Pattern maximum = 2 dB, which
corresponds to peak antenna
directivity of 4.5 dB with respect
to a circular isotrope.
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REPORT OF INVENTIONS APPENDIX

After a diligent review of the work performed under this contract, no new innovation, dis-

covery, improvement, or invention was made.
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